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The death of Dr. Louis Otto Kunkel, on March 20, 
1960, brought to completion a long life devoted to re- 
search and administration in plant pathology, prin- 
cipally in the field of virology. At the time of his 
death Dr. Kunkel was a Member Emeritus of the 
Rockefeller Institute, where at the age of 75 he was 
continuing his studies of viral diseases of plants and 
of the means by which they are transmitted. 

The science of virology developed largely during the 
period of Dr. Kunkel’s active research, and he may be 
said to have influenced it directly or indirectly at al- 
most all stages of its growth. Indeed any account of 
his lifework inevitably constitutes a history of accom- 
plishment in the field of plant virology. Today many 
American and foreign institutions where virological 
investigations are in progress have leaders or staff 
members drawn from the group that he supervised and 
trained during his years as pathologist at the Boyce 
Thompson Institute for Plant Research. Inc., 1923-32, 
and as head of a group of investigators working in the 
field of plant pathology at the Rockefeller Institute, 
1932-55. 

Dr. Kunkel’s interest in biology developed early in 
his life and continued to grow as successive develop- 
ments of science provided insight into new aspects of 
the activities of living organisms, especially with re 
spect to microorganisms like fungi and bacteria. After 
he began to study diseases caused by filterable viruses, 
he became intensely interested in these and gave many 
years to their investigation. His belief that viruses 
represent the smallest of all now recognizable living 
entities enticed him into protracted studies of those 
that affected plants. their insect-vector relationships, 
their transmissibility. their thermal stability. and the 
entire gamut of their biological relationships as obli- 
gate parasites 

His formal education began in Mexico, Missouri 
Adjacent to that town was the Kunkel family farm 
where, through boyhood years. he began to ponder 
over the manner in which nature expresses herself. 
His earliest scientific training was received at the Uni- 
versity of Missouri. where he matriculated in 1906 and 
where he obtained the degree of B.S. in 1909 as well as 
the degree of A.B. in 1910. In a letter to his friend Dr. 
B. M. Duggar. written in 1950, he acknowledged his 
debt of gratitude to him for his first introduction to 
botany during the vear 1907. 

By 1911 Kunkel had obtained the M.A degree at 
the University of Missouri. The following academi 
year he spent at the Henry Shaw School of Botany of 
Washington University (at the Missouri Botanical 
Garden in St. Louis). where he became a candidate for 
a doctor's degree in botany. The next year he trans- 
ferred his studies to Columbia University in New York 
City 

Kunkel’s attitudes toward scientific investigations 
and the publication of scientific findings were greatly 
influenced by his association with Professor Robert A. 


LOLIS OTTO KUNKEL, 1884-1960 


Francis O. Holmes 





Harper, whom he first met in the autumn of 1912 on 
his arrival at Columbia University as a graduate stu- 
dent. Professor Harper's analyses and criticisms of 
scientific papers in the lecture classes made a deep 
impression. Dr. Kunkel wrote later that his own first 
manuscript received such careful revision that he never 
prepared a paper for publication afterward without 
considering what Professor Harper would say about it 
if it came under his critical eye. This attitude was 
passed on to many of his later associates. He was never 
too busy to help them in the preparation of manu- 
scripts or, indeed, in other ways. 

In 1914 Kunkel received the degree of Doctor of 
Philosophy in Botany at Columbia University, his doc- 
toral thesis being concerned with the influence of 
physical and chemical factors on the toxicity of inor- 
ganic salts to the fungus Neurospora sitophila. It was 
in 1915 that he married Johanna Caroline Wortman; 
their four sons and sixteen grandchildren now carry 
on the Kunkel family traditions. During most of the 
period between 1914 and 1920, Dr. Kunkel served as 
pathologist for the Bureau of Plant Industry of the 
United States Department of Agriculture, studying 
especially the powdery s( ab and wart diseases of 


potato as well as club root of cabbage. In 1915 and 
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1916. howe 
him to travel | rope Caen cel 
Swedish laborat 

When Dr. Ku ‘ , she nosil f enanaiinie 
pathologist for the Ha 


tion im 1920 ttent | nediately drawn to 
the viral disease f e and related plants 
Within two year e | i studied the ell inclusions 
that were characte stripe disease and had 
concluded that the epresent some stage of a 
parasite responsible | f the diseas He 
had found also that 1 eathoppet Peregrinus 
maidis, could trat t this ease but not the some 
what similar mosaic dise f ft sugarcane which he 
found to be transmitted on iphids. The inability 
of leafhoppers t | SI sible se2sSes 
and of aphids to trans eafhopper-borne ifections 
was confirmed repeated! - later experience 

Dr. Kunkel’s return ft the Hawaiian Islands co 
incided with the estab! ment of the Bovce Thompson 
Institute for Plant Resear ly it Yonkers. N. ¥ 
In preparation for work to be undertaken there Kun 
kel visited many Amer horatories of pl int | ithol- 
ogy and related science 1923. For nine years 
thereafter he applied to ition thus gathered to the 
development of laboratories and a diversified program 
for the investigation of ral diseases of plants 


studies of the 


Dr. Kunkel himself spe eet 


“yellows” type of pla t \ arious phases ol this 
broad subject eng ed . tive interest tor the re 
mainder of his career At Yonkers he accomplished 
two principal scientific objectives. The first of these 
was the discovery that small gray leafhoppet then 
known as Cicadula sexnotata but now called Macro 
steles fascifrons, transmitted ister-vellows virus This 
work and his subseq vestigations performed 
with the thoroughness that characterized his research 
studies during his entire career. laid the foundation 
for quantitative studies he and others subse 
quently carried out. The d success at Yonkers 
was the identification of the insect vector of peach 
vellows as the le ithopper V/ opsis trimaculata This 
constituted a triumphant mclusion of half a century 
of search for such a vector bv a series of investigators 

About 1930 plans of the Rockefeller Institute to 
add a Division of Plant Pathology to its program of 


comparative pathology 1 branch laboratory located 
near Princeton in New Jersey led Dr. Simon Flexner 


and Dr. Thomas M. Rivers to recommend Dr. Kunkel 


as the man best qualified to head this new project 
Dr. Kunkel visited various European laboratories of 
plant pathology preparation for the new program ol 
research Ne intime ‘ iboratory ind. greenhouse 
facilities were added to the Princeton establishme 
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ind in 1932 Dr. Kunkel assembled a gre ip Of Invest}. 
gators for the attack on the still mysterious filterable 
viruses Seventeen years of research in the Princeton 
laboratories coincided with remarkably fruitful years 
in the development of the new science of virology 
throughout the world. The Princeton group. constant. 
ly exchanging its members with staffs of other instity. 
tions in America and abroad, contributed much to the 
idvance Dr. Kunkel himself continued to study ney 
representatives of the vellows group ol diseases ind 
demonstrated that many of these could be « ired by 
heat treatments tolerated by the plant hosts 

Integration of the plant pathology laboratories of 
the Rockefeller Institute at Princeton into the parent 
laboratories of the Institute in New York City occurred 
in January 1949, Dr. Kunkel supervised the construe. 
tion of new laboratory and greenhouse facilities at the 
New York City location overlooking the East River 
He became an Emeritus Member of the Rockefeller In. 
stitute staff in July 1949 and in 1955 retired from all 
his administrative duties, continuing only his own re. 
search work. 

In the last few years of his life. Dr. Kunkel repeat. 
edly expressed his pleasure that he was able. during 
the years of his retirement. to add one more substan. 
tial finding to the series that had constituted his life. 
work. This was the demonstration that the insect vee- 
tor of aster-vellows virus could he protected t} rough 
prior feeding on plants carrying one strain of this 
virus. from subsequent infection by a second strain, 
just as he had shown earlier that certain plant hosts 
could be so protected. 

Dr. Kunkel’s eminence in the field of science was 
widely recognized. Among other honors, he was elected 
to membership in the National Academy of Sciences in 
1932 and the American Philosophical Seciety in 1942. 
He received the Certificate of Merit award at the 
Golden Jubilee meeting of the Botanical Society of 
America in 1956 and a Distinguished Service Award 
of The New York Botanical Garden in 1959. He 
served as Member of the Board of National Research 
Fellowships in the Biological Sciences for the National 
Research Council. as Member of the American Ad- 
visory Council for Yenching University at Peiping. 
China, as Member of the Advisory Council of the De. 
partment of Biology at Princeton University. as Mem- 
ber of the Committee to Visit the Division of Biology 
for the Board of Overseers of Harvard College. and as 
Member of the Board of Managers and Member otf 
the Scientific Committee for The New York Botanical 
Garden. His sound judgment and wise counsel were 
acknowledged with appreciation by the various admin 
istrative boards of educational and scientifie institu 


tions on which he served 
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Inheritance of stem rust resistance of C.l. 7232. a 


derived tetraploid oat. was studied. Resistance to stem 


rust races 7. 7A. and 8 was conditioned by a single 
jominant gene The gene controlling resistance to 


stem rust in C.I. 7232 differs from the genes A. D. BC. 
and E reported in cultivated hexaploid oats. 





»”) 
rL (accession 


ont, Ci. iz 
rops Research Branch, Crops Re 
ARS, U.S.D.A.), the 
of resistance to virulent races of the crown rust fungus 
& Led.). 
was reported by Simons et al (5) to carry a dominant 


Zillinsky et al 


7) reported that C.l. 7232 also carries resistance to 


The de rived 


Cereal 


tetraploid 
n umber. 
sources 


search Division one of 


Puccinia coronata Cda. var. avenae Frasc1 


gene controlling resistance to race 264. 


fungus (Puccinia 
Eriks. & E. Henn.). In 
1957. routine greenhouse tests of seedlings grown from 
Aberdeen. Idaho, 10-foot 
rows revealed in plant rows 801 and 841 a few plants 


races 7. 7A, and 8 of the stem rust 


graminis Pers. f. sp. avenae 


C.I. 7232 harvested at from 
that were respectively susceptible to races 7A and 8. 
[his paper reports the inheritance of resistance of C.1. 
7232 7A, and 8. 


2 to stem 
H-999 
(L292 


o 


rust races 7, 
Materials and methods.—C. |. formerly desig- 
Aberdeen 101, had been self-pollinated for 6 


generations and was considered to be 


nated 


a homogeneous 


line. It is characterized by very early maturity. black 
kernels, short to medium height, and semi-drooping 


equilateral panicles. The and resistant 
plants of C.l. 7232 cannot be distinguished morpho- 
be differentiated by 


to races of the stem rust fungus. 


susceptible 


logically but can their reactions 





1x F 


susceptible 


hvbrid seeds from re ipros al crosses between 
obtained in 
February, 1957, and 
About 40-50 


a greenhouse. 


and resistant C.l. 7232 were 
Ames, lowa. in 
Aberdeen that 
KF. seeds were planted in 6-in. 


For 


each cross were divided into 


a greenhouse at 


were grown at summer, 


pots in 
seedlings of 


h group 


determination of rust reactions, F. 


and ea 
was inoculated race of the stem 


The and 8 The 


of seedlings classified resistant to race 7 or to race 7A 


> groups, 
different 


were 7, 7A, 


with a rust 


fungus. races groups 


were subdivided into 2 subgroups. One subgroup of 


seedlings resistant to race 7 was tested with race 7A, 


and the other with race 8. Similarly. the 2 subgroups 


classified as 


of seedlings resistant to race 7A were 
tested. one with race 7 and the other with race 8. Rust 
reactions were determined on seedlings in the _first- 
and set ond-leaf stages and were ¢ lassified on the basis 
of infection types 0 to 4, with 0, 1, and 2 considered 


resistant and 3 and 4 susceptible. 


Results.—High-type resistance characterized by in- 


fection types 0 to 1 was observed on all the re- 


sistant plants. and infection types 3 to 4 on all sus- 
Parental plants resistant to race 8 
and 7A, 
ceptible to race 8 were also susceptible to 7A 
(Table 1) Backeross 
BC. and D. and a homozygous recessive line 
(Table 1). 

The segregation of the F. seedlings in 6 crosses for 
7A, and 8 is presented in Table 1. 


In all crosses, the observed segregation for reaction to 


ceptible plants. 


were also resistant to races 7 and plants sus- 


lines isogenic for stem rust 


genes A, 


abed. were tested 
reaction to races 7, 


race 7 is in agreement with the hypothesis of a single 


dominant gene controlling resistance. Ratios that did 


not fit the expected 3:1 segregation of a single-gene 


difference were observed for respective reactions to 


races 7A and 8 in crosses and 1. Segregation for 


reaction to races 7A and 8 in the remaining crosses 


was in agreement with a single dominant gene hypoth- 


esis, 


Table 1.--Reactions of P;. Ps. and | populations of oat crosses between susceptible and resistant C.I. 7232 to stem rust 

races 7, 7A, and 8, and chi-square goodness of fit to a 3:1 ratio 
Reaction of F plants parents and testers 
Race 7 Race 7A Race 8 
P P P 

Crosses, pal s 1 testers Resist. Sus value Resist. Suse. value Resist. Suse value 
Ce. 2282 (8 Cl iS) 97 ss) 50-70 103 23 05-.10 13 2 01 
=» Gs Zaee (RR es (S) 100 8 30-.50 85 15 02-.05 16 6 80.90 
. CI. 7232 (S) C3 (R) 67 25 0.70 60 15 50.50 19 8 W-.70 
® Cl. 7232 (S) a4 fi (R) 80 26 90-95 82 26 80.90 10 | 70-80 
». CI. 7232 (S) Cs. (R) 77 22 50-.70 82 26 .80-.90 74 26 80-.90 

C.I. 7232 (S ie (R) 72 3] 20-.30 83 28 80.90 73 26 70.80 

CI. 7232 (S) 0 33 0) AN) 0 7 

C.I. 7232 (R) 6 0 fy 0 13 0 

Backcross line Abed 15 0 27 0 0 20 

Backeross line aBCd 28 0 0 29 25 0 

Backeross line abeD 0 20 0 23 20 0 

Recurrent line abed 0 14 0 24 0) 18 

R and S respectively denote resistance nd susceptibility to stem rust races 7, 7A, and 8 

=74 
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Table 2. Reaction of eedlings resistant to either race 


Plants in 


‘ 





Race to which initially resistar nd cross Resist 
Race 7 
l ee Ss 
2 C1 s 
3. a » (R) 
1. Sas » (RK 
Race 
l C1 Ss) i 
2 CI » (S) ) 
3. Cam 1 0 
I. C1 2 i 4 
5 { | ) > 1 {) 
6 Cai ) R) ‘ 
R nd S respe I in I susceptibility 
Seedlings classified as re tant to race 7 or iA were 


tested with two other races of the stem rust fungus 


(Table 2). The reactions of the plants to the two ad 
ditional races were similar t their reactions to race 
7 or 7A except that a few were susceptible. Plants 
showing susceptible reactions in the second test were 
probably “escapes.” ie ceptible plants that failed 
to develop adequ ile \ ton ifter the initial inocu 
lation with race 7 or 7A because of unfavorable en- 
vironment. If the seedli classified susceptible in 
the second test can e as ed to be “es apes ” it is 
possible to correct the 1 er of resistant and sus 
ceptible plants observed in the initial test with races 7 
and 7A. Such a correction was applied to the original 
data. and Table } presents corrected ratios for rea 


tions to races 7 and 7A and their chi-square P values. 
Agreement with a hypothe that a single dominant 


gene controls resistance to ice 7 was not changed in 


crosses 1, 2, 3, and 4 with the correction applied to 
the initial data For reaction to race 7A, however, P 
values denoting a good and a poor fit to a 3:1 ratio 
were respec tively obtained crosses 2 and 4 


Discussion... The data and chi-square analyses in 


dicated that resistance to races 7, 7A. and 8 was con 
ditioned by a single dominant gene Additional tests 
with races 7 and 8 and 7A and 8 on seedlings respec- 
tively tested originally wit es 7A and 7, indicated 
that resistance to all 3 races was governed by the same 
pene The small number f seedlings showing sus 
ceptible reactions in the second test was ipparently 


Table 3.—Corrected | 


l 1 iness to 
stem-rust-susceptible C.1 
(ross Resist 
| ( 4 ( ~ ) 
2. ( R ta ‘ | 
, ( s fe R r 
4. ( S Gul R 
5. ( > { | Z R 
y ( = fos ) R 





R and S respect y der resistance gd susceptibility 


Sus 


or 7A after 


inoculation 


with 


two additic 
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mal races, 


indicated group when tested with indicated race 


to stem rust 


7A 
Resist. Susc 
31 2 
32 5 
1] l 
races 7, 7A, and 8. 


% 


Resist Suse 


2 i 

= i 
24 3 
1) 2 
$2 0 
Se) 0 
92 > 
Pay | a 
0) 5 
38 2 
$2 l 


due to misclassification of “escapes” as re 


in the initial test. 


D 


Gene 


to races 7 and 8, gene D to race & 


The gene controlling 
its reaction to races 7. 7A. 


. and | 


resistance in CL. 


and 8 fro 


‘sistant plants 


7232 differs 
m the A. BC. 


genes reported in the hexaploid species, 


\ confers resistance to races 7 and 


, and ge 


7A, yvene BC 


“ne k to some 


races other than the three used in the present investi- 
C.D. 3820, a parent of C.L. 
independent dominant genes controlling resistance to 


A. and 8 (4). Zilli 


ition (6). 


stem rust races 6, 7, 7 


reported that the reaction of 


Abd. 101 | 


7232, has two 


isky et al (7) 


C.1. 7232) & 


2 isolates of race 6 seemed to indicate that the gene 


T 


de 


genes controlling 


resistance to stem 


rust races 6, 


7A. and 8 could have come from varieties other than 


its parents. 
How did the plants susceptible to races 7A and 8 


ol 


ivinate 


r 


+ 


»*) 


32. which was considered true- 


breeding for stem and crown rust resistance? Among 


the possible means by which susceptible plants could 


} 


nave 


appeared in the line are natural cross-pollination 


in the field. mutation. seed contamination, loss of the 


chromosome 


or chromosome segment on which is the 


eene controlling resistance, and breakage of a refrac- 


tory linkage in the repulsion phase. Am« 


me these pos- 


sibilities, natural crossing is viewed as the most likely. 


Coffman and Wiebe 


et 
} 


2). Konzak (3). and Caldecott 


al (1) reported instances of natural crossing in 


hexaploid oats. 


Cald 


ecott et 


al indicate 


“d the neces- 


sity of isolation in their studies of mutations induced 


to 


to a 3:1 ratio of crosses between stem-rust-resistant and 


va 
20 
O5 
05 
0 


stem rust 


P 

lue 
10 
10 
LO 


70 


races 


7A, 3 


Resist 
Q5 
) 
7] 
ms 
Oo” 
Oa 

ind 8 


Race 


P 


value 


50-.70 
.05-.10 
.02-.05 
50-.70 
50.70 
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In the 
ordinary field procedure of increasing seed supply 


in populations derived from X-irradiated seeds 


growing of varieties in isolation is not a regular prac- 
tice. Consequently, cross-pollination, although  in- 
frequent, must be considered one of the more likely 
explanations of the origin of the susceptible plants in 
the homogeneous line. Data or information now avail- 
able does not exclude other avenues by which sus- 
ceptible plants can arise in a resistant line. 
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SUMMARY 

Acetic acid in orporated into a semi-synthetic liquid 
medium at 0.25M was fungicidal to Cladosporium 
cucumerinum at pH 6.1 and below. The same basal 
medium containing 0.01M acetic acid supported good 
growth of the fungus at pH 6.0 but was fungicidal at 
pH 4.0. A similar pattern of toxicity was observed 
with either propionic or butyric acids but not with 
fumaric, oxalic, tartaric, succinic, or malic acid. Acetic 
acid at low pH values also inhibited the growth of 5 
other species of fungi: Fusarium oxysporum f. batatas, 
Pythium aphanidermatum, Pellicularia filamentosa, 
{spergillus flavus, and Colletotrichum lagenarium race 
1. Spores of one of these fungi, A. flavus, failed to 
grow in the liquid medium at the lower pH values but 
remained viable. 





Introduction. Nutritional studies involving aceti: 
and other fatty acids include the work of Schade (6). 
who found that Leptomitus lacteus (Roth) Agardh, a 
fungus that does not utilize sugars, grew on acetic. 
butyric, and capric acids but not on formic or propioni: 
acids. Aspergillus niger van Tiegh. grew on acetate. 


Machlis 


(4) found that acetate was equivalent to glucose as a 


lactate, tartrate. malate. and fumarate (7). 


carbon source for the growth of Allomyces javanicus 
Kniep. Jarvis and Johnson (3) reported that the use 
of acetate by Penicillium chrysogenum Thom was 
strongly dependent on pH. Acetate was utilized in fat 
synthesis by yeasts. but not below pH 5 with Sac- 
Meyen (10, 11). Fenel and 
Leopold (1) reported a similar pattern of acetate in- 


charomyces ce revisiae 


hibition with A. niger. Growth of the fungus was in- 
hibited by acetate at pH 4.2 but not at pH 7.0. In 
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3. Konzak, C. F. 1959. Radiation-induced mutations for 
stem rust resistance in oats. Agron. J. 51:518-520. 


4. Murphy, H. C., F. J. Zillinsky, M. D. Simons, and R. 
Grindeland. 1958. Inheritance of seed color and resistance 
to races to stem and crown rust in Avena strigosa. Agron. 
J. 50:539-541. 

>. Simons, M. D., K. Sadanaga, and H. C. Murphy. 1959, 
Inheritance of resistance of strains of diploid and tetraploid 


species of oats to races of the crown rust fungus. Phyto- 


pathology. 49:257-259. 
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LADOSPORIUM CUCUMERINUM 
\. \. Winstead 


hibition of growth was further demonstrated with low 
concentrations of certain other fatty acids. Samson 
et al (5) have shown that acetate and other short- 
chain fatty acids inhibited phosphate uptake and ac- 
cumulation as well as respiration of S. cerevisiae at a 
pH of 4.5. This inhibition was alleviated when yeast 
cells were washed. The authors suggested that the 
effect of acetate was probably a direct result of the 
interaction of the fatty acids or anions with certain 
enzymes of the yeast. Fencl and Leopold (2) demon- 
strated respiratory inhibition in A. niger with acetic 
acid. This inhibition was also found to be reversible 
by raising the pH from 4.2 to 5.5. These authors dis- 
agreed with Samson et al (5) on the site of inhibition, 
stating that undissociated acetic acid inhibited spore 
germination and that the site of inhibition was at the 
cell surface. 

Strider and Winstead (9) 
cumerinum Ell. & Arth. grew well at pH values below 


reported that C. cu- 
6.0 on a basal medium containing 1.5% citric acid but 
not on the same basal medium containing 1.5° acetic 
acid. It was apparent in these studies that acetic acid 
or some compound formed by acetic acid in the basal 
medium was extremely toxic to growth of the pathogen. 

The tests reported herein were designed to deter- 
mine: 1) whether acetic acid or some compound 
formed by acetic acid in the basal medium was the 
toxic principle; 2) whether acetic acid was also toxic 
t 
principle acted on spores of ee 


2 


» mycelium of the fungus: 3) how rapidly the toxic 


cucumerinum;: 4) 
whether certain other organic acids were toxic to 
spores of C. cucumerinum; 5) the toxicity of several 
concentrations of acetic acid at various pH levels; and 
6) whether acetic acid was also toxic to other fungi. 
The results have been abstracted (8). 

Materials and methods.—_The basal medium used 
was: hacto-casamino acids (1.0 g), K,HPO, (4.0 g), 
MgSO, (0.1 g). FeCl, (0.02 g), sucrose (10.0 g), 
glycine (6.0 g). and distilled water (1.0 L). Normal 
HCl or NaOH was added to obtain the various pH 
levels. Unless otherwise indicated sterilization was 
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Table 1.—Toxicity of certain organic acids at various pH and 5.6 and seeded as before. Transfers to PDA were 
values to the growth of ¢ merinum made after exposure in these media for 1. 10, 30, 69, 
and 120 minutes. Each treatment was replicated 4 


a a Se cot cr times. Incubation on PDA was at 24°C for 8 days. 

Organic acid pH 0.1 0.08 0.04 0.01 0.005 44 pH 3.7, spores subjected to the 0.25M acetic acid 
Acetic \ N \ \ medium for one minute or longer made no growth 

1.0 N N N N when transferred to PDA. At pH 55.6. spores of the 

0 \ N \ \ ; 1 7 ‘ 

aa \ . . pathogen were viable after all time intervals except for 
Propionic the 120-minute interval. 

r.A \ \ Determination of exact pH of acetic acid toxicity, 

bt N \ To determine more precisely the pH at which 0.254 

ee - “ acetic acid was toxic to the organism. a study was 
Butyris initiated to determine toxicity between pH 5.8 and 6.3, 

0 N N Materials and methods were identical to those previ- 

4.0 N N ously described except that 0.1M K.HPO, was used 

a+ : ~ to stabilize the pH values. To prevent excessive dilu- 


tion, LOM NaOH was used to adjust pH. The acidity 
Acetic, propionic, and bu of the medium was adjusted before autoclaving. 


3.0 N N \ checked after. and rechecked 4 and 8 days after seed. 
1.0 \ \ \N ing. Four flasks were seeded and 2 were retained as 
() \ \ \ | . vam 

60 \ \ \ controls on the pH of the unseeded medium. The pH 

of the medium was not changed by autoclaving. The 

; on growth pres N rowtl sent; blanks fungus failed to grow at pH 6.1 or below. Inhibition 
indicate “not tested 

_— , of growth was marked at pH 6.2, but growth was 

by autoclaving 8 n tes at 123°C. Fungi were grown moderate at 6.3. The pH values of the medium re. 


in still, liquid cultures in 40 ml of medium contained mained constant during incubation except where 


in 125-ml Erlenmeyer flask Spores for use as inocu growth occurred. Growth of the fungus tended to 

lum were obtained from day-old PDA cultures, The aise pH slightly. This test was repeated with identi 
: ( re ) iv-old ( LUT es ile 

cal results. 


spore concentration was adjusted so that the final 
spore concentration was about 10° spores per ml of Tests on the toxicity of other acetates.—Sodium. cal- 
medium. All tests were nducted at about 24°¢ cium, and ammonium acetate at 0.25 were sub- 
Other methods are indicated alone with the results of | stituted individually for 0.25M acetic acid in the basal 
the particular experiment medium to determine whether these compounds were 
Results.—Determination of toxic substance To de also toxic to the fungus. Media were adjusted to 4 pH 
termine the toxic compound. the basal medium con values: 5.0. 5.5. 6.0. and 6.5. Observations were made 
taining 1.5°% acetic acid was altered in several differ after 4. 8. and 12 davs at 24°C. The acetate-contain- 
ent wavs. maintaining ti same concentrations of the ing media shifted to slightly lower pH values upon 
constituents. Each orgat rredient was omitted in autoclaving. The fungus grew on all media with pH 
turn: KNO. was substituted for casamino acids: citric values above 6.0, but on only one below this value 
acid was substituted for acetic acid: and the result The medium containing sodium acetate at pH 6.0 sup- 


ing media were tested for toxicitv to C. cucumerinum ported slight growth. though no growth occurred on 


In addition aly ne nad ete icid were tested indi this medium at pH Diab. 
vidually and in combination. Media in all tests were Effect of certain other organic acids on the growth 
adjusted to 3 pH values: 4.5, and 6. A distilled water of C. cucumerinum.—Preliminary tests had indicated 
blank was also tested. Each treatment was replicated that 0.5 acetic acid was toxic to the organism at pH 
3 times The media were itoclaved. seeded with a 5.0 but not at 6.0. and that 1.5°7 acetic acid was toxi 
spore suspension, and ihated 6 days. Growth was at both pH values. Therefore 15°) pi-maliec, succinic. 
observed on all treatments ev ept the water blank and — tartaric. oxalic, fumaric. propionic, and butyric acids 
media containing acetic ac Transfers to PDA from were tested. with and without 0.50 acetie acid. Two 
the media containing ( icid were not viable pH values, about 5.0 and 7.0. were used for eachi treat- 
though transfers from the waicr blanks were ment. Each pH value of each treatment was replicated 
The basal mediun nt ¢ 0.25M acetic acid ad- 5 times. Observations were made after 4 and 8 days 
justed to both pH 5.5 6.0 was sterilized by Seitz of incubation. After autoclaving the pH values of the 
filtration. Fortv ml of mediu was placed in each of media used in this test were 5.1+0.1 and 7.003 
six 125-ml flasks. seeded with a spore suspension, and Growth occurred at the higher pH value in every 
incubated 8 days No growth was observed on the treatment. When 0.567 acetic acid was used, however, 
Seitz-sterilized media cont ng acetic acid, and trans no growth was observed at the lower pH value. Growth 
fers to PDA produced 1 wwth after additional in- did occur at the lower pH value in the absence of 
cubation. acetic acid in all treatments except those containing 
Speed of acett The basal medium — propionic or butyric acids. In flasks where the fungus 


containing 0.2041 t 1 was adjusted to pH 3.7. did net grow. pH remained essentially unchanged: 
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Table 2.—-Effect on the growth of several fungi of acetic 
wcid in the basal medium at various pH values. 


Acetic acid 
concentration 


pH 0.25 0.17M 


Fungus 


F. oxyporum {. batatas 4.0 


4. flavus 4.0 


. aphanide rmatum 4.0 


~ 


P. flamentosa 1.0 


/ ecucumerinun 1.0 


(222 4442 SHESAZZ MAZZA MMS tH ZZ 
a A A et A te YY Ma A A ee Me A 7 


iN) growth absent; (Y) growth present 


when the fungus grew, the media became more basi 
The pH of the uninoculated media remained constant 
during the test period. The fungus did not grow when 
transters were made to PDA plates from flasks in 
which no growth had occurred. 

Effect on toxicity of C. cucumerinum of lower con 
centrations and pH values of 3 organic acids.—Since 
15% acetic. propionic, and butyric acids were toxi 
to the fungus at pH 5.0. these acids were tested for 
toxicity at lower concentrations and at several pH 
values. The concentrations used were: acetic, 0.17. 
0.08. 0.04, and 0.01M; propionic, 0.08 and 0.01M; 
butyric, 0.08 and 0.01M; and a combination of acetic 
propionic, and butyric at 0.04, 0.01, and 0.005M each 
Media for each treatment were adjusted before auto 
claving to 4 pH levels—3. 4. 5, and 6. Each treatment 
was incubated 8 days as previously described. Growth 
ol the pathogen was not observed on media at the 
lowest concentrations of organic acids tested at the 
lowest pH level used (Table 1). Propionic and butyri: 
acids at 10-=M were toxic to the fungus at pH 5.0 but 
net at 6.0. Acetic acid at 10-°M prevented growth of 
the organism at pH 4.0 but not at 5.0. No growth de- 
veloped in transfers to PDA from media on which the 
tungus failed to grow. 

Effect of acetic acid on the growth of mycelial mats 
of C. cucumerinum.—C, cucumerinum was grown for 
6 days at 24°C on a Richard's solution containing 1.0 
After 6 days. 
mycelial mats were placed in flasks with 40 ml of the 
basal medium containing 0.25M acetic acid. The pH 


acids per liter of medium 


g of Casamino 


was adjusted to 5.5. and the treatment was replicated 
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8 times. After 36, 72. and 108 hours, the mycelial mats 
were removed, washed in sterile distilled water, and 
placed on PDA in Petri dishes. Observations on via- 
bility or resumption of growth were made 8 days after 
PDA transfers. No further growth was observed after 
mycelial mats had been placed in the medium con- 
taining acetic acid, and no transfers to PDA resumed 
growth. 

Effect of acetic acid on certain other fungi. Growth 
of the following fungi were tested on the basal medium 
plus 0.17 and 0.25M acetic acid at pH values of 4, 5, 
6, and 7: Fusarium oxysporum {. batatas (Wr.) Snyd. 
& Hans., Aspergillus flavus Lk.. Pythium aphanider- 
matum (Edson) Fitz, Pellicularia filamentosa (Pat.) 
Rogers, and Colletotrichum lagenarium (Pass.) Ell. & 
Halst. race 1 Goode. C. 
comparison. Growth of the fungi was also tested with 
0.08M citric acid at the same pH values. Inoculation 
was by spore suspension in all cases except with P. 


cucumerinum was used for 


aphanidermatum and P. filamentosa, when mycelium 
was the inoculum. Observations were made after 8 
days of incubation. 

All fungi tested grew well on the medium contain- 
ing citric acid at all pH values but one. C. /agenarium 
(Race 1) failed to grow at pH 7.0 but grew at all 
other pH values. In general, as with C. cucumerinum, 
these various fungi grew in the acetic-ac id-containing 
medium at the higher pH values but failed to grow at 
certain lower pH values (Table 2). No growth de- 
veloped in transfers to PDA from media on which C. 
cucumerinum failed to grow. Such transfers from 
media on which A. flavus failed to grow did reveal 
resumption of growth in every case. The other test 
fungi in this investigation were not transferred to 
PDA, 

Discussion.— Acetic acid at 10~ 72M was toxic to the 
organism at the pH optimum for growth of the fungus. 
Propionic and butyric acids at 10~°M were also toxic 
at the pH optimum for growth of C. cucumerinum and 
at slightly higher pH levels. In all tests the concen- 
trations of acetic acid were somewhat lower than that 
reported, because of loss of this volatile material dur- 


ing autoclaving. 


Table Be Growth inhibition ot ( cucumerinum by 


molecular acetic acid 


Total M conc. 


f acetic acid 


V conc. of acetic 


plus acetate pH icid (approximate ) Inhibition 
a 5.0 0833 ( omplete 
04 1.0 0332 Complete 
08 5.0 0237 Complete 
04 5.0 0133 Complete 
25 6.0 0125 Complete 
2 6.1 0100 ( omplete 
17 6.0 0085 Complete 
Ol 1.0 0083 Complete 
25 6.2 0075 Strong 
> 6.3 0063 Moderate 
08 6.0 0040 Slight 
07 5.0 0033 Slight 
04 6.0 0020 None 
5 7.0 0013 None 











784 PHYTOPATHOLOCY Vol. 50 





By cak ulating the concentration of molecular acetic ot expressed sap of resistant and susceptible cucumber 
acid at the various pH levels used in the above tests tissue should be investigated concurrently.—North 
it may be shown that acetic acid is the toxicant to Carolina State College, Raleigh. 
spores of C. cucumerinum, not acetate ions (Table } 
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EFEFFECT ON ROOT-KNOT NEMATODE POPULATIONS 
OF RESISTANT AND SUSCEPTIBLE COTTON 
Norman A. Minton. Eldon J. Cairns and A. L. Smith 

Respectively, Ne tolog Crop Researcl Division sistant and the susceptible varieties, No correlation 
ARS. U. S. D. A.: Ne ato t, Department ot Botany and was apparent between root-knot resistance and popula- 
Plant Pathology, Auburn | ersity, Agricultural Experi tion levels of 7. christiet, P. brachyurus, and C. orna- 

1 Yont Pat t ops Researcl yivi . 
ment Station; and Pla | Cro] . , Di tum. Populations of H. tvlenchiformis. however. were 
sia — ~ ) it \ ° 
ion, ARS, | widhoade R h D considerably lower under G. barbadense than under 
peperative 3 hccscins. ; .' other entries. These low population levels may be in- 
sion, ARS, U. S. D. A.. and \labama Agricultural Ex : z. 
\ oye dicative of host unsuitability. Saprophagous nematodes 
periment Station \ | | r pul ition Mav Il, 1960 . . : 
occurred in relatively high numbers throughout the 
SUMMARY season. There were no indications that any one cotton 
+n } , tested was more conducive to their development than 
The popul ition evels oT Ve oldogvnie incognita t} 
: another. 

acrita, Pratyle nehus bract irus. Criconemotides orna v 

tum. Trichodorus christie Hoplolaimus tvlenchttormts, , i . . ; J 
and various saprophagous nematodes were determined ntroduction.—Root-knot-nematode-resistant var 
under field conditions in the root zone of 5 cotton varie ties have long been used to combat damage to crops in 
ties and selections having a wide range of root-knot infested soil (5). Atkison (2) reported as early as 
nematode resistance Larval populations of WV. in- 1889 that cotton is severely damaged by root-knot 
cognita acrita increased slowly under the more re nematodes. From tests with several cotton § varieties, 
sistant cottons, such as a selection of Gossyplum Miles (4) and Smith (7, 8, 9, 10) reported a range 


barbadense and a selection and variety of G. hirsutum 
(a Mexican selection and Auburn 56 variety). The in- 
crease was more rapid inder Empire and Rowden, 
susceptible varieties of G. hirsutum. In September, 
however, when the populations of this nematode were 
at the highest level under all varieties, no appreciable 


differences existed between populations under the re 


of susceptibility from moderate to complete, and Smith 
(10) reported that Auburn 56 was superior in both 
root-knot resistance and the correlated Fusarium re- 
sistance. A search (1) has been made through the 
species, subspecies, and numerous varieties of cotton 


for a better source of root-knot resistance. Thus far, 
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the most promising material found has been a wild 
selection of G. barbadense Linn. This selection was 
formerly thought to be G. barbadense var. darwinii, 
but the authors have been advised ( personal corre- 
spondence with T. Kerr, A gronomist ) that the selec- 
tion is not a variety. 

The most resistant variety of upland cotton has 
much less than complete resistance, as determined by 
the root-knot index method (9). This partial resist- 
ance has unknown effects on the population dynamics 
ef root-knot nematodes and other nematode species 
under field conditions. Sauer and Giles (6) reported 
that growing hybrid tomatoes (Lycopersicon escu 
lentum and L. peruvianum) resistant to Meloidogyne 
javanica assured good yields but did not reduce the 
nematode population enough to make the land suit- 
able for sus eptible crop plants. Since resistance 
varied from plant to plant, some reproduction of the 
nematodes occurred. Clayton et al (3) reported that 
corn. though rarely shewing root-knot damage, does 
not actually reduce root-knot nematode populations. 
Smith (9) reported field observations indicating that 
some improvement in resistance to other nematode 
species could oceur with improved root-knot resistance. 

This investigation was conducted to determine the 
effects of root-knot-resistant and susceptible cotton 
varieties on a) the root-knot nematode larval popula- 
tion of field soil and b) the population of other nema 
tode species present, 

Materials and methods.—-The experiment was con- 
ducted at the Plant Breeding Unit, Tallassee. Ala- 
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bama, in an area where cotton had been grown con- 
tinuously for several years. The soil had natural popu- 
lations of Meloidogyne incognita acrita Chitwood, 
1949; Pratylenchus brachyurus (Godfrey, 1929) 
Filipjev & Schuurmans-Stekhoven, 1941: Cricone- 
moides ornatum (Kiria-nova, 1948) Raski, 1958; 
l'richodorus christiei Allen, 1957; Hoplolaimus tylen- 
chiformis Daday, 1905; and various saprophagous 
nematodes. The cotton wilt fungus, Fusarium oxy- 
sporum Schlecht. /. vasinfectum ( Atk.) Snyd. & Hans., 
was also present. The 5 types of cotton used, with 
their root-knot indices (unpublished data), were: a 
wild selection of G. barbadense, 34; a Mexican selec- 
tion of G. hirsutum Linn., 51; and three varieties of 
G. hirsutum (Auburn 56, 67; Empire, 85; and Rowden, 
98). 

Delinted thiram-treated seeds of each variety were 
planted on April 16, 1958, in rows 30 ft long and 40 in. 
apart, replicated 4 times. From emergence until mid- 
July the soil was cultivated frequently for weed con- 
trol. Dieldrin was applied to the plants 12 times for 
insect control. At planting time 400 Ib/A. of 4-12-12 
fertilizer was applied. On June 1 the plants received 
a side-dressing of 200 Ib/A. of ammonium nitrate. 

At monthly intervals (May—October), nematode 
counts were obtained from soil samples taken with an 
8-in. soil sampling tube from all replications of each 
variety. Borings were made in the root zone 6 in. from 
the base of the plants. The soil was placed in plastic 
bags and taken immediately to the laboratory for 
processing. Nematodes were recovered from 1-pint 





i Oe B27 6 ee 
100} “4 


oF 4 




























































































































































+ 200+ 100} BARBADENSE al 
_ 4 —— a = 4 1 
4 L ~d “ 
4 f MEXICAN 4 ' MEXICAN a 
J + . T + | —_—— 4 - _ _ — 
— | | 1 # + 
, —_ | [ 
7 T a. T 1 
1 r 1 f AUBURN 56 | 7 
- -—_— +4 -+—-- + —+ ——+ + a 
| | 
; a Aa a 
“7 r 7 
| | 1 f 
; EMPIRE 7 F 
: | — | 
~~ a | | —_ 
E {| , 
| | | 
"7 r ROWDEN | 7 I ‘|| ROWDEN 7 
+ — ——— 7 - “4 Pe - 
RAINFALL RAINFALL RAINFA 
; 5 Raina A ae 
—4+—+ ' { 
oll Mla AT ull o Uf wl 4 h, ha 4 Ll 1 ull, 
M J J A Ss 1@) M J J A S 18) M J J A Ss 0 


Fig. 1.— Monthly population record of nematodes associated with root-knot-resistant and -susceptible cotton varieties re 
ported in terms of nematodes per pint of soil: A) Meloidogyne incognita acrita, B) Trichodorus christiei, C) Hoplolaimus 


tylenc hiformis 
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portions of the s rie Seinhorst elutria wilt complex. By October all Rowden plants were 
tors. Rainfall du eriment - recorded dead. Plants of the other varieties and selections were 
daily. still alive, though growth had become slower. Larvae 
Results. Fig. | 12 y the average numbers under all cottons increased in numbers through Ay. 
of the various nematodes t on each collection gust. In September, when the numbers of root-knot 
date per pint of soil from « otton variety. Nema larvae were greatest under all varieties. Auburn 56 
tode populations are rep. nted by the shaded areas ranked highest in larval counts, Empire second, G. 
in the charts Spe | op itions may be calculated harbadense third. Rowden fourth. and the Mexican 
by combining the int e and below the zero — selection fifth. Numbers of larvae had declined unde 
axis. For example I \ the number of nema all entries by Octobe 
todes in September for G rl ense is 600. It should The trend of 7. christiet was essentially the same 
be noted that the ile ed in the gt iphs is not the under all varieties and selections throughout the eX- 
same for all nematode genera. Daily rainfall is ex periment: low but increasing in May, declined in June 
pressed in inches at the b of each figure and July, and increased again in August and Septem. 
The numbers V/ larvae were at ber. These nematodes were more abundant under the 
verv low levels under a ‘tton varieties in Mav. but root-knot-susceptible varieties in June, and under G 
by June had increased ler the tw iscepti barbadense and Auburn 56 in October. 
ble varieties. | mpire and Rowden Increases were only H. tvlenchiftormis increased considerably less under 
slight under the two | resistant entries. G. bar G. barbadense than under the other plants which may 
badense and the Mexican selectior fhe increase un indicate differences in host suitability. H. tylenchi. 
der Auburn 56. a iderate resistant variety, was formts differed from the other nematodes in two re- 
intermediate. The n population levels were spects: It had the highest population level of any of 
perhaps the result lifferential rate of reproduction the parasitic species on the first sampling date. and 
on the varieties, sine: e from planting date was its highest population level was in July instead of 
sufficient to permit hate of the first generation \ugust and September, as with the other species. 
The larval populatior nae Rowde variety rose The populations of P. brachyurus were rather low 
to a high level in Ju ned almost constant in throughout the experiment. The differences under dif- 
July and August I harply in September ferent plants were too small to permit conclusions on 
Rowden plants grew ¥ e early part of the sea plant influence. No attempt was made to determine the 
son, but by July ve lying from the nematode number of nematodes present in the roots 
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Ces = cs ie = 2 , 9 T fT ie 
100 — + 2s} 25 4 
o- 0) a+ ° = 
100 { es} BARBADENSE 25-r BARBADENSE| + 
it 4 4 = | 2 4 - ae t 
| J } J 
_ 2 lu 
MEXICAN . - | MEXICAN | 4 






EMPIRE 









RAINFALL 





+ ~_4 - + oe ——_+— — $$ 


a AUBURN 56 $$ CI 
b “7 a —_ 
L AUBURN 56 . ee | AUBURN 56 4 

+ + - 4 J —— Ty + mt ——— 


4 + = = and 
| 
\ } 4 me _ 





4 } EMPIRE + b~ EMPIRE 4 
4 } + + + + 4 . + + ‘ 
a | — = 





| 
ROWDEN | 
: : | lies 5 es 


RAINFALL 






































th 
9 UL | 


. 


M J 





















































1 | 1 
SM Didi ha 
J J f 


ie) M . ] 0 


Fig. 2.--Monthly poy n record of nematodes associated with root-knot-resistant and -susceptible cotton varieties re 
ported in terms of 1 tod pint of soil: A) Saprophagous nematodes, B) Pratylenchus brachyurus, C) ¢ riconemoides 
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tum numbers were low under Empire, Auburn 


e Mexican selection throughout the experi- 


ily a few were present under Rowden and G. 


S¢ early in the season, but numbers were 


large in Septe mber and Oh tober. 


Saprop 
number= 


thro iho 


anothe! 
In no 
ippeda 
raint I] 
App reni 
the soil 


toe g Cx 


hagous nematodes occurred in relatively high 


inder all cotton varieties and selections 


it the experiment. No single variety ap- 


he more conducive to their development than 


ise did rainfall and nematode populations 


closely correlated. H. tvlenchitormis followed 
trends more closely than the other species 


tly no critical moisture shortage occurred in 


; 


luring the experiment for any of the nema 
ept possibly H. tvle nchitormis 


Discussion. Under field conditions, presently avail 


not be relied on to reduce root-knot nematode infesta- 


pal t I= 


reot-knot 


root-knot 
knot ind 


more ext 


Nematode and Fusarium wilt injury causes more root 


deterioration of susceptible plants than of resistant 


plants. t 
vailable 


Phere 


tween root-knot resistance and population responses of 


P. brachyurus, and C. ornatum. The low 


T. christ 


' t 
popula 


Lecce] for public ation Mav 13, 1960. Journal Article 
No. 2498. Michigan Agricultural Experiment Station. Tech 
nical assistance of Mrs. Mary J. Bandurski is acknowledged. 


ivi elj 
virtually 
t-dav-old 
field soil 
ference 
on pepto 


knot-resistant cotton varieties and selections 


xpected to maintain root-knot larval popula- 


jual to or even greater than those maintained 


itible ones Resistant cotton. therefore. can 


retation schedule. Resistance as used in this 
measured in terms of numbers and size of 


valls. The severity of galling is « xpressed as 


indices, indicating host response, The root 
ces obtained for G. barbadense. Mexican se 


nd Auburn 56 are comparatively low althoug! 


ttons maintained high root-knot larval popula 


ions. The seeming paradox may be due in part to the 


ensive root svstems of the resistant plants 


hereby reducing the total amount of roots 


for root-knot nematode reproduction. 


was no strong evidence of correlations be 


m levels of H. tvlenchiformis under G. barba 


LYSIS OF MYCELIUM OF PLANT-P 
John L. 


was supported in part by a grant from the Na 
ence Foundation. 


SUMMARY 


um of most of 20 plant pathogenic fungi was 
completely destroyed when living or killed 
cultures on agar media were covered with 
for 1-2 weeks. There was no significant dif- 


in the average lysis indices for living mycelium 
ne agar or on Czapek’s agar, but propylene- 


oxide-killed cultures on peptone agar were more com 


pletely 
iverauve 


root-intes 


lestroyed than those on Czapek’s agar. The 


lvsis indices for root-infecting fungi and non 
ting fungi did not differ 
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dense, however, suggest host unsuitability. From the 
standpoint of numbers of nematodes that developed 
during the period of plant growth and boll develop- 
ment, T. christiei and H. tylenchiformis appeared to be 
more important as cotton parasites than P. brachyurus 
and C. ornatum, 

Rainfall appeared to have little effect on nematode 
population changes. except possibly H. tylenchiformis, 
principally a migratory ectoparasite.—Agricultural 
Research Service, United States Department of Agri- 
culture, and Departments of Botany and Plant Pathol- 
ogy. and Agronomy and Soils, Auburn University, 


Agricultural Experiment Station, Auburn, Alabama. 


LITERATURE CITED 


I Anonymous, 1955. Genetics and cvtology ot cotton. 
Report of Cooperative Research under Southern Regional 
Project S-1. Southern Coop. Ser. Bull. 47 

2. Atkinson, G. F. 1889. Nematode root-galls. Alabama 
Polytech. Inst. Agr. Expt. Sta. Bull. 9 (N. S.) 

3. Clavton, E. E., K. J. Shaw, T. E. Smith, J. G. Gaines, 
and | W Graham 1944, lPobaeco dist ase control by crop 
rotation. Phytopathology 34:870-883 

1. Miles, L. E. 1939. Some tests of varietal susceptibility 
to a combination of root-knot nematode and cotton wilt. 
Phytopathology 29 :974-978 

» Orton, W. A. 1908. The development of farm crops 
resistant to disease UL. S. Dept. Agr. Yearbook Agr. 453 
164 

6. Sauer, M. R.. and J. E. Giles. 1957. Effects of some 
held management svstems on root-knot of tomato, Nema 
tologica 2:97-107. 


7. Smith, A, I 1941. The reaction of cotton varieties to 


Fusarium wilt and root-knot nematode, Phytopathology 
$1:1099.1107. 
&. Smith, A. L. 1942. Further studies on the reaction 


of commercial cotton varieties to root-knot nematode. 
( Abstr.) Phytopathology 3? -649-650 


9. Smith, A. | 1954 Problems on breeding cotton for 
resistance to nematodes. Plant Disease Reptr. Suppl 
227 :90-91 

10. Smith, A. | 1954. Resistance to Fusarium wilt and 


root-knot nematode in upland cotton varieties. (Abstr.) 


Proc. Assoe. Southern Agr. Workers. p. 153. 


ATHOGENIC FUNGL BY NATURAL SOIL 
Lockwood 


There is increasing evidence that a natural toxicity 
to fungi exists in most. if not all. soils. This toxicity 


is manifested by the nonspecific inhibition of germi- 


nation of fungus spores (3, 4, 5, 8) and the lysis of 
fungal germ tubes and mycelium (5, 6). The my- 
colytic action of natural soil has been shown on my- 
celium of several plant pathogens growing in agar 
media (5). Sterilized soil inoculated with certain 
strains of Streptomyces spp. also lysed mycelium of 
fungi in agar (5). Since the lysis of mycelium by soil 
PF 


may affect the survival of plant pathogens in soil (7 
the effect of natural soil on mycelium of 8 root-infect- 
ing and 12 non-root-infecting fungi was studied. 
Materials and methods.—-The root-infecting fungi 
used were Aphanomyces euteiches Drechs., Fusarium 


solani (Mart.) Appel & Wr. f. pisi (F. R. Jones) 
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Table I. Lysis of 
killed 4-day-old culture 


Fungus 


{/ternaria solani 
{phanomyces ¢ 

{scot hyta ptsi 
Botrytis cinerea 
Ceratocystis fagacear 
( ladosporium Cue y 
( olletotri« hum cire 
Colletotrichum phor 
Colletotrichum p 
Fusarium solar 
Gibhe rella ze ac 
Glome reé lla cinguliata 
Helminthosporiun 
Vonilinia fructicola 
Pythium aphaniderr 
Pythium sp 

Rhizor fonta solar 
Sclerotinia sclerotior 
Ste mphylium sarcinae! 


Verticillium albo-atr 


Aver igre 


‘(0 indicates no! 
present; 4, 91 LOO of 
lysis index for both 
and 1.4; for living and 

Cultures killed by pr 

Root-infecting fur 

‘LSD 5% Ow 


Snyd. & Hans.. Gil 


minthosporium sat 


Pythium aphanide rmat 


Rhizoctonia solani Kuh 


Reinke & Berth Non-r 


naria solani (EL & 


{scochyta ptisi | hy Bo 


fagacearum (Bretz) H 
Ell. & Arthur. Co 
Colletotrichum phome 
trichum pist Pat.. G 

& Schrenk. Vor 
Sclerotinia sclerotic 


phylium sarcinae 


Procedure for assay 


described previously 
on peptone agar pH 
6.2). Cooled media in 


with spore suspensions 
Pythium species, and R 
mycelial transfer. An 
Conover loam and 1 p 
old living or propyler 
data were taken 7 and | 
comparing the amount 
ered with steam-ste! 


soil. The rating systen 


used for scoring spor 
Munn. was adapted to 
were 0-4, with 0 indi 


present. Each hgeure is the average of readings 


‘ Cul 
nas ( Berk 
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ind non-root-infecting plant-pathogenic fungi by soil placed on living or 


sar for 14 days. 


yeellum present; 2. 6-50 


Lysis index 


Killed mycelium 


Pe ptone (zapek’s 


agar agar 
0.0 25 
0.0 0.5 
0.0 2) 
0.0 1.0 
0.0 0.0 
2.0 re 
1.0 2.0 
0.5 2.5 
0.0 0.0 
O.5 25 
0.0 OS 
0.0 1.0 
0.0 La 
0.0 1.0 
0.0 1.0 
0.3 0.8 
a 0 
0.5 2.0 
0.0 20 
0.0 1.0 
0.4 La 


of mycelium present; o 51-90% of mycelium 


2 plates from 3-5 tests. Average 


ingi was 1.3: for cultures on peptone and Czapek’s agar, respectively 0,7 


vely 1.1 and 1.0. LSD 5 


\ ipo! 
Schw Petch. Hel l-5¢) of mycelium 
Par King ind Bakke, present: 3 
Edson) Fitz... Pythium sp. of mycelium 
n, and Verticillium albo-atrum 
vot-infectine fungi were Alter Results. 
i | R. Jones & Grout, appearance 
ty nerea Fr... Ceratocystis tested within 
nt. Cladosporium cu erinun many 


cultures 


averages was 0.4 


present: 2. 6-50 of mvcelium 
51-907 of mycelium present: 4. 91-100% 


Tests were repeated 3-5 times, 


with little variation from test to test. 
With few exceptions, soil caused the dis- 
of the mycelium of the cultures 


weeks (Table lL). 


Destruction of 
virtually complete on either 


Vogl. medium. whether cultures were living or killed. Living 


~ Chester, Colleto mycelium of approximately half the species had lysis 
ngulata (Stor Spauld indices of less than 1.0 on both media. indicating that 
cola Wint Honey scarcely any strands could be detected. The agar was 
| d By.. and Stem no barrier to the action since mycelium at the 
Ca Wiltshire bottom as well the top of the agar laver was 
of tungi by soil was lysed. My elium some tungl was more resistant, 
, Test fungi were iltured but few lysis indices were greater than 2.0. It is not 
6.9 ind Czapek’s agar (pH known whether remaining hyphae were viable. 
Petri dishes were inoculated Conidia of C. circinans, F. solani f{. pisit, G. cingulata, 
except for A. euteiches. the 2 and }. albo-atrum from lysed cultures on peptone agar 
solani, which were seeded by were previously shown to be viable (5). With the ex- 
terilized mixture of 1 part ception of a few weak hyphae, agar was never invaded 

rt k was applied to 4-day by mycelium originating from the soil. 
e-oxide-killed cultures. Lysis That the of soil on mycelium in agar 


t davs later by micros 


oT yveelium in cultu 


ed il ind cultures 


jrian and Hemm 
nation of Botry 


1e estimation of lysis 


itil mycelium pre 


opically 
res COvV- absenc e oft 
without 


cultures was a genuine one and would occur in the 


shown by experiments with 


mycelia grown in liquid media. Washed mycelial mats 


ing (2) from 7-day-old cultures of F. solani f. pisi, G. cingu- 


fis atill 


Ratings 


sent: 1. living and autoclaved 


lata, and V. albo-atrum grown in peptone or Czapek’s 
broth were placed on natural soil in Petri dishes. Both 


mvcelia of all treatments were 
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completely destroyed in | week Or less. 


Mycelia were 
not affected by autoclaved soil. 

The average lvsis index for living cultures on pep- 
tone agar (1.0) was significantly larger than that for 
killed cultures (0.4), but when both media were con 
sidered together average lysis indices for living (1.1) 
and killed (1.0) cultures did not differ statistically 
The average lysis index of cultures on peptone agar 
(0.7) was significantly lower than that for Czapek’s 
avar (1.4), because of the significantly lower index 
for killed cultures on peptone agar. These differences. 
though statistically significant, were small, and are of 


questionable biological importance. 


Average lysis in 
dices for root-infecting and non-root-infecting fungi 
were the same (1.3) 


lium on 


The lysis patterns for living and killed myce 
the 2 media were not consistent from fungus to fungus 
Living and killed mycelia of G. cingulata and C. pisi, 
for example, lysed readily on both media. The dark 
mycelium produced predominantly by H. sativum and 
{. solani on Czape k’s agar was more resistant to lysis 
than the hyaline mycelium produced on peptone agar 
Living mycelium of Stemphylium sarcinaeforme and 
Sclerotinia sclerotiorum lysed readily on peptone agar, 
but killed mycelium showed some resistance to lysis 
when grown on Czapek’s agar. V. albo-atrum was re 
sistant to lysis in the living condition on both media 
but was readily lysed when killed. Some hyphae of 
R. solani and C. cucumerinum remained on both media 
hoth in the living and killed condition. Other fungi 
were less distinctive in their lysis patterns. Direct 
parasitism of fungal hyphae by other microorganisms 
was never observed. 

Discussion. These results provide further evidence 
for the nonspecific lytic action of natural soil on 


fungus mvceliun 5 and suggest that the important 


survival organs of plant pathogens in soil are resistant 


tat 


spores OF sclerotia rather than vegetative mycelium 


With the exception of H. sativum, all of the root-infect 


ing fungi used and S. sclerotiorum produce resistant 
spores or s lerotia and appeal! to survive in soil tor 


long periods in the absence of a host (9). Lvsis of 


t 


soil seems to be one aspect ota homeo- 


' 
mvycetitum 
static mechanism acting to resist colonization of soil 


Viveolvsis by soil would seem to bie 


by tung! 
most destructive to those organisms that do not pro 


duce resistant structures, and may explain the effe 


tiveness of rotations in controlling such fungi 
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The report by Boosalis and Scharen (1) that 
oospores but not mycelium of A. euteiches pers sted in 
decayed pea residue in soil, and that viable mycelium 
as well as sclerotia of R. solani persisted in sugar beet 
residue in soil, supports the present findings. Mycelium 
of A. euteiches was readily destroyed by soil, whereas 
mycelium of R. solani did not disappear completely. 

The lysogenic factors in soil are unknown, although 
the effect can be reproduced by sterilized soils inocu- 
lated with certain isolates of Streptomyces (5) Lysis 
by soil may possibly be an autolytic phenomenon trig- 
gered b antibiotics or other toxins or caused by the 
presence of cell-wall-decomposing enzymes. Both sug- 
gestions are speculative. Lysis of killed mycelium, 
however, cannot be due to autolysis, and must be due 
to the action of cell-wall-decomposing enzymes, pre- 
sumably of microbial origin. The reason for the vari 
ous lysis patterns for living and killed cultures on the 
2 media cannot be explained until the lytic factors in- 
volved are discovered.-Department of Botany and 
Plant Pathology, Michigan State University, East 
| ansing. 
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St MMARY 


The order of toxicity of alcohols to spores of Sclero 
tinia fructicola, Rhizopus stolonifer, and Gilbertella 
persicaria, immersed for 1 min. at 20°C, was propanol 

isopropanol ethanol methanol. Sclerotinia 
were most sensitive to alcohols tested: Gil 


spores 
bertella and Rhizopus sporangiospores behaved alike 

ind 10 per cent alcohols, 
except propanol on Ocle conidia. had no effect 
Sixty per cent killed spores except for Gilbertella in 
The most effec 


in ethanol and propanol. Five 


isopropanol and Rhizopus in methanol 





tive combinations of alcohols were propanol with ethanol 
or isopropanol. Fifty per cent ethanol can inactivate 
Sclerotinia conidia in 0.08 ute on peach fruit sur 
faces and in 2 minutes on the flesh. Sixty per cent 
ethanol killed Gilbertella or Rhi opus sporangiospores 
on uninjured surfaces of peach fruits in 1 minute. but 
on injured surfaces, 70 ethanol tor 40 minutes was 
needed to kill Gilbertella and 70 for 60 minutes to 
kill Rhizopus. If immediately rinsed in water. there 
was no phytotoxicity on fruits immersed | minute in 
60% ethanol. This treatment also produced firme: 
fruits with more intense ground and blush colo 
Introduction... The principal postharvest peach 
(Prunus persica Batsch lruit-rotting organisms in 
California were found to Rhi opus stoltonifer (Fr.) 
Lind.. Gilbe rtella persical (Eddy ) Hesseltine { | } 
and Sclerotinia fructicola (Wint.) Rehm {| Monilinia 


fructicola (Wint.) Honey|. Studies were made on the 
effects of alcohols on spores of the above fungi and on 


the possible use of al ohol postharve st dise ase con 


trol. Effects of alcohol ha heen reported most eX 
tensively for bacteria (4. 8. 9. 11) and viruses (1. 2) 
On fungi. toxic effects of ileohol have been reported 
on S. fructicola (10). P llium expansum Link, 
emend Thom (6). Phytophthora colocasiae Rae (12). 


and Ustilago tritici (Pers Rostr. (3) 


} 
sfotontiter,. 


Materials and methods.—S. fructicola. R 


and G. persicaria isolates from peach were grown in 
lable I. Effect of a treatment of spores of Sc/e 
persicaria ((,) nm various I . i various oncentrations 


Met Ethano 


Crone. ©, s at {, ‘ R 


10 

5 

20 

0 ( 

10 ( 

60 ( ) (0) 


growth on 10 transter n 1? hours 


(-+-) ess mvc rowt than the contro within 24 o1 


plates on 26% 


Petri potato-dextrose (PDA). 
Spores were harvested by adding distilled water to re. 
suspension through 6 
Methanol. propanol. 


and isopropanol of reagent grade were diluted with 


agal 


them and passing the 


lease 


layers of cheesecloth. ethanol. 


distilled water to the required concentrations. Treat. 
ment of spores with alcohol consisted of: 1) Hoating, 
2) immersion, 3) dipping of contaminated uninjured 
fruits, and 4) dipping of contaminated cm®* sections 
of fruit 
made by mixing equal volumes of the two alcohols, In 


(simulate injured fruits). Combinations were 
immersion tests 4 ml of spore suspension (approxi. 
375.000 Sclerotinia and 1.125.000 Gilbertella 
and Rhizopus spores) were added to make the final 


mately 


volume of 10 ml at the desired aleohol concentration. 
After 
drops (approximately 0.04 ml) of the alcohol spore 


a one-minute immersion of conidia in alcohol, 2 


suspension were transferred to 20 ml of distilled wa- 
ter (spores in 0.2% aleohol germinated and grew nor- 
mally), and from this suspension 10 separate drops 
were transferred to PDA in Petri plates to determine 
kill. Peach sections with spores were also transferred 
to large volumes of water after treatment to reduce the 
germination and mycelial 


concentration of spore 


growth. In some instances the first macrosé opic growth 
Kill ot spores 
a 72-hour incubation 


with 95% 


of the fungi was delayed 24—48 hours. 
was based on lack of growth in 
period at 20°C. Field 


ethanol diluted in tap water. 


trials were made 


Results and discussion. 4/cohol effects on conidia. 

lable 1 shows the effects of various percentages of 
alcohols in water on spores of S. fructicola, R. stoloni- 
fer, and G. persicaria for 1-minute immersion periods. 

The effectiveness of primary aleohols in spore kill 
in general increases with increased molecular weight 
of the alcohols. 
not as effective as propanol and did not behave like 


Isopropanol, a secondary alcohol. was 


methanol or ethanol. Sclerotinia conidia were most 


sensitive to kill. killed 


Sclerotinia and Rhizopus at lower concentrations than 


Propanol and isopropanol 


did methanol and ethanol. Gilbertella sporangiospores 


were more sensitive to propanol than to ethanol and 


nia tructicola (8), Rhizopus stolonifer (R). and Gilbertella 
In water 
Alcohols 
Propanol [sopropano 
Ss R G s R G 
i) ( ) { ) ‘) 
() 8 0) i) + 
) ) ( 0 
i) 0) () i} ‘) _ 
) 0) uv ) ) +) 


growth in 5 days. 
18 hours of transfer to PDA 
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Table 2. 
persicaria (G) in combinations of various alcohols. 


Methanol Methanol Methanol 


oO and and and 


Effect of 1-minute treatments of spores ot Sclerotinia tructicola i. Rhizopus stolonifter iR a 


OGAWA AND LYDA: ALCOHOL EFFECTS ON SCLEROTINIA FRUCTICOLA 791 


and Gilbertella 


Ethanol Ethanol Propanol 
and and and 


of each ethanol propanol isopropanol propanol isopropanol isopropanol 
alcohol » R G » R ( ne R G S R G S R G s R G 
i. \ r r r i i 0 1. 0 | i 4 5 j 4 
10 j 4 4 (2) (4) + 0 0 (+) (+) 0 + 0 0 (+) 
15 0 ( 4.) 4 0 0 0 0 (and f ) 0 0 0 0 0 (]) 0 0 0 
20 0 (1) 0 0 0 0 0 (+) 0 0 0 0 0 0 0 0 0 0 
a growth on 10 transfers in 12 hours on PDA; 0 no growth in 5 days. 
b( 4) less mycelial growth than the control within 24 or 48 hours of transfer to PDA. 
(1) mycelial growth present on a single traasfer after 48 hours. 


methanol. Isopropanol did not kill Gilbertella sporan- 
giospores but delayed their mycelial growth in culture. 

Effects ot combination of alcohols on conidia.—One- 
minute immersion tests on each of the three pathogens 
were made with combinations of methanol, ethanol. 
propanol, and isopropanol (Table 2). Five per cent 
mixtures of methanol-isopropanol or ethanol-propanol 
produced the greatest toxicity to Sclerotinia conidia. 
In general, the most effective combinations were pro 
panol with ethanol or isopropanol, 

Sclerotinia was more sensitive than Rhizopus o1 
Gilbertella: Sclerotinia conidia were killed by 5% of 
methanol-isopropanol or ethanol-propanol, 10° oj 
ethanol-isopropanol or propanol-isopropanol, or 15° 
of methanol-ethanol or methanol-propanol. 

Rhizopus was more sensitive than Gilbertella to 
these combinations. Rhizopus sporangiospores were 
killed by 10°, propanol-isopropanol, or 15° ethanol 
propanol, ethanol-isopropanol or methanol-propanol 
but not by 20°, methanol-ethanol or methanol-isopro 
panol. 

All 20°, and 15° mixtures of methanol and pro 
panol, ethanol and propanol. or propanol and isopro 
panol killed Gilbertella sporangiospores. 

Table 3 


shows the ethanol concentration and exposure period 


Ethanol effects on Sclerotinia conidia. 


Table 3. 
with ethanol in relation to exposure period and concen 
trations 


Inactivation of Sclerotinia tructicola conidia 


Conidia exposed in the following manner to 
ethanol 
()n On 
flesh ot 
peach fruit 


surtace of 


Exposure Floated Immersed peach fruit 


min.) No Yes No Yes No Yes No Yes 

0.08 20 0 0 10 te yt 60 

0.25 20) s() 20) () Te) 50 60 

0.50 0) 0) 20 0 1) 50 60 

1.00 »”) () 20) 0) 10 60 

1.00 70 

1.00 80 

2.00 20) s) 20 0 TD i) sf) 

15.00 10 10 Tf 10) 
No growth of fungus within 72 hours on PDA: Yes 
spores killed, growth not present in 72 hours on PDA, 
Per cent ethanol 


required to kill conidia of S. fructicola. With exposure 
to alcohol for 0.08 minute, conidia floated on alcohol 
required higher concentrations for kill than conidia 
immersed in alcohol. This difference disappeared at 
longer exposure periods, At the lower alcohol con- 
centrations, conidia on uninjured peach surfaces were 
killed with shorter exposure than conidia on injured 
surlaces. 

Conidia on uninjured fruit surfaces were killed by 
alcohol. 
Conidia on injured fruits required 15 minutes in 40% 
The difficulty of conidial kill 


on the injured fruit is probably related to the precipi- 


| minute in 40° or 0.08 minute in 50% 


or 2 minutes in 50% 
tation of fruit pectins, which prevents the alcohol from 
contacting the conidia. 

Ethanol effects on Rhizopus and Gilbertella sporan- 
giospores on fruits.—Ethanol treatments on uninjured 
fruits were less effective on Rhizopus and Gilbertella 
Fighty- 
five per cent of the isolations from Rhizopus-contami- 


sporangiospores than on Sclerotinia conidia. 


nated uninjured fruits failed to produce mycelia after 
0.08 minute treatment in 60° ethanol. whereas Gil- 
bertella grew from each isolation: a 1l-minute treat- 
ment, however. killed both organisms. A 70° con- 
centration of ethanol took 45 minutes to kill Rhizopus 
sporangiospores on injured fruits, and 60 minutes to 
kill Gilbertella sporangiospores. 

Phytotoxicity —Boxes of Fay and Regular Elberta 
peaches dipped for 1 minute in 40° ethanol and not 
rinsed in water produced numerous brown superficial 
Kirkman Gem peaches dipped 10 
seconds in 60° ethanol and immediately rinsed in 


lesions in streaks. 


tap water showed no injury, nor did Late Champion 
j eaches dipped 2 seconds in 60° ethanol and immedi 
ately rinsed in distilled water. 

Firmer fruits from ethanol dips.—Ethanol-dipped 
fruits were found to be firmer than the control fruits. 
Rio Oso Gem peaches were dipped 1 minute in 50° 
After 10 days of storage. they 
withstood 0.69 lb. of pressure with a 


ethanol and not rinsed. 
*,-in. Magness- 
Taylor pressure tester (7), whereas untreated peaches 
could withstand only 0.30 Ib. pressure. 
Color of fruit improved with ethanol dips.—\mmedi- 
ate improvement of fruit color was noticed. The higher 
intensity of blush and ground color is mostly attributed 
to the cleansing of the fruit surface and removal of 
Dodecyl benzene sulfonate, used in water 


trichomes 
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SOIL WASHING IMPROVES THE VALLE OF THE SOIL DILUTION AND THE 
PLATE COUNT METHOD OF ESTIMATING POPULATIONS OF SOIL FUNGI 


R. D. Watson 





Associate Plant Pat ist, ( ersity of Idaho, Moscow numbers than their actual mycelium concentration in 
, ere dal A orion : - ent = : 3 Z 
» soggege the ge = A coe ay xperiment the soil would warrant. The soil washing technique 
Station as Research pe ccepted for publi : 
, me \I ry Ve 1960 , ’ was developed to help correct tor the se obvious short- 
a ’ ‘ . ’ . . . . 
SoM MARY comings in the soil dilution and plate count method for 
ee i, RSE. ke, pints atieee, at celnnntion of the numbers of fungi in the soil. 
detached spores of Peni: ind Aspergillus species Materials and methods.— Soi] samples were collected 
improves the reliability of the soil dilution and plate in the lower Snake River Valley from onion fields with 
count method for estimation of soil fungi. Num a long history of cultivation and from newly cultivated 
genera ot fungi ind pe reentages oft soil pathoge ns - desert soils both including soils with vood production 
other oil fungi aii 13 : : ies I wash ” records and soils infested with root- and bulb rotting 
than in the unwashed soils he number of Fusariun ; : 
; fungi. These soils were used for a comparative study 
species of washed soils was in better agreement with ‘ - > 
root and bulb rot records o e fields on the recovery of soil pathogenic fungi and the esti- 
mation of fungus populations in the soil with the “soil 
; washing vs. standard soil dilution and plate count 
Introduction. The so] j ition and plate count silica 
method for the estimation of i ftungi has certain in 
Levent genknesses, There has heen a tendency to as The dilution method used was essentially as de- 


sume that, once mixed in water, the soil and fu scribed by Johnson et al (1). The fungi were cultured 


particles remain in suspension. To make the dilution © @ potato dextrose agar. with 4°7 Bacto-oxgall added 
technique work most accurately, the fungus “growth restrict colony development and 100 ppm streptomy- 
units” should remain in a solution or suspension. The cin to suppress bacterial development. The “soil wash- 
rapid settling of the particl solution and the differ ing was done in a 500-ml Erlenmeyer flask with the 
ential settling of the heavier irger particles. if not @4ulvalent of 1 g air-dry soil and about 200 ml of 
corrected. makes soil dilution and plate counts of Water for ea h wash. The soil was agitated thoroughly 


relatively less value for estimating the census of soi! and allowed to settle with the flask on a 45° angle for 
fungi. | minute, and the water was then decanted. Dilutions 

Certain genera of 1s Peni im and Were performed in the usual manner following the 
{spergillus produce more growth units per unit of soil = Pres ribed number of washes. The soil residue remain- 


mycelium than do most of the plant parasitic fungi and = "2 following the washing was dispersed in water in a 


most other nonparasitic fungi found in the soil. The Waring blender. Soil dilution and plate counts were 


soil dilution and plate count method measures only ™ade to determine the fungi remaining in the residue. 


growth units. A viable spore produces a countable lhe percentages of the fungi found in the residue ap- 


colony as readily as does a sclerotium or a large quan pear on some of the figures as “GR”—ground residue. 


tity of mycelium. Because of differences in fungus re Results.-The settling that occurs while dilutions 
production, spore production, and rates of growth, the are made influences the counts of fungi (Fig. 1-A). 
soil dilution method favors the spore that produces a The relative percentages of Penicillium and Aspergil- 
fast growing type of myceliun The more abundant lus increased with a slight settling of heavier particles, 
and rapidly growing Peni: um and Aspergillus spe whereas, the relative numbers of colonies of Fusarium 
cies tend to overgrow, suppressing the growth of many spp. and all other fungi increased when the dilutions 
other genera of fungi, and they are recorded in greater were made with continuous agitation. Being small and 
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light, the spores of Penicillium and Aspergillus spe- 
cies act more like suspended particles and remain sus- 
pended well in standard dilution plate-counting pro- 
cedures. The other mycelium growth units, those at- 
tached to the soil particles, and the larger spores of 
certain genera of fungi behave more like falling bodies 
in the water. The errors were proportional to the time 
delay in making the dilutions. 


Menzies (2) developed a cup-shaped “dipper” to 
avoid the obvious settling of soil particles. This 
settling can be seen readily in a glass pipette while 


dilutions are made. The settling of the heavier parti- 
cles in the pipette likewise gives a greater number of 
Fusarium species and most other fungi in the first few 
ml taken from the pipette, and a higher number of 
Penicillium and Aspergillus species in the top part of 
the last few ml delivered from the pipette. Menzies’ 
“dipper” corrects nicely for settling in pipetting and, 
because of its construction, aids in maintaining a con- 
stant The “soil 
by removing the excess loose spores trom the 


agitation while samples are taken. 
washing” 
sample helps obtain a more realistic picture of the soil 
fungi. The plates from the washed soil revealed more 
of the soil-borne pathogens, more genera of soil fungi. 


and a larger number of fungi other than Penicillium 


and Aspergillus. Some plant pathogens and other 
genera of fungi present in the soil were seldom seen 


in the unwashed soil plates. 
In tests using sterile soil mixed with spores of these 


fungi, it was evident that most of the loose spores were 














ESTIMATES OF SOIL FUNGI POPULATIONS 793 


wise, the early washings of soil were the most effective 
in removing spores and reducing the numbers of colo- 
nies of Penicillium {spergillus (Fig. 1-B. 1-C). 
The growth units of bacteria and actinomycetes were 
likewise removed more rapidly than the growth units 
of the soil fungi. 


and 


The number of colonies counted following washing 
when compared with unwashed soils shows a steady 
decline in the percentage of Pencillium and Aspergil- 
lus species and an increase with each washing in the 


percentage of all other genera of fungi plated out 
(Fig. 1-C). The percentage of colonies of the genus 
Fusarium increased from 2.0°% in the unwashed to 
35.80 at the 32nd washing. The numbers of genera 


of fungi identified were increased with the decrease in 
numbers of Penicillium and Aspergillus species (Fig. 
1-C). The percentage of all other fungi increased from 
39°) of the total plate count of fungi in the unwashed 
soils to 66° of the fungi in the soils washed 32 times. 

Che washed soil was dispersed in a Waring blendes 
and diluted, and plate counts were made. In the dis- 
persed washed soil there was an increase in the num- 
bers of total fungus growth units plated when com- 
pared to the plate counts at 32 washings. The amount 
of this of “growth units” in total numbers 
due to dispersal in the Waring blender varied with the 
type of The total growth units in the 
washed dispersed soil were 60—90° of the original un- 


increase 


soil Ww ashed. 


in the 
numbers of bacteria and actinomycetes in this washed 


washed soil. Similar increases were observed 

















removed (90-99° ) by the 4th wash (Fig. 1-B). Like- dispersed soil. The percentage of Penicillium and 
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Fig. 1.—A) Effect of settling during sampling on the percentage of various fungus groups as determined by the soil 
dilution and plate count method. B) Soil washing reduces the total numbers of soil organisms. It reduces the percentage 
of loose fungus spores and bacteria at a much faster rate than it does the total growth units of all soil fungi. C) Soil 


washing changes the re lative perce ntage ot groups ot soil organisms 


method. 
curves, 


Grinding the washed soil residue (GR) 


increases total numbers of growth units and changes the 


as determined by the soil dilution and plate count 


direction of the 
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Table 1. Per 


Pe nici iy \ 

Field  Aspergi 
No spp 
13.9 
| 1 
) 08.35 
| rif 
( 67.0 
: be 
10 60.0 
1] (6.9 
12 15.0 
13 5.5 
14 11.) 

{spergi us colonies ! 


he end of thre 


swing att 


corresponding qecreas 


Fusar “in that were pl 


washing and dispersi 
sulted in a more init 


and fewer units 
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The washed soil residue 


ot the spore producers 


; 
runs 


othe tvpes oO 
genera ot fungi ti 
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soils in Idaho 


W ashed soi 





n {spergillus All other Fusarium 

spp. fungi spp 

2 95.8 63.0 
93.0 77.0 21.) 
19.2 90.8 20.3 
0. ] 69.9 29] 
2.3 90.2 29 3 
13.0 97.0 24.3 
1.2 93.8 15.0 
20.8 79.2 25, 
10.1 $9.9 17.8 
12.9 7.1 28.6 
15.4 84.6 iO. 
29.0 1.0 10.7 
0 95.0 67.2 


were selected to afford a wide variation in fungus 
population and included newly cultivated desert soils 
is well as ones from the older cultivated areas, some 
of which were poorly managed while others had been 
under good rotation programs for disease control. 

Variation Was considerable hetween these field soils 
in content of the various organisms (Fig. 2-A.B.C), 
Agreement between the amount of Fusarium root rot 
and basal rot known to occur in these fields and the 
number of Fusarium species plated out was better in 
the washed series than in the unwashed. Fields 1, 10, 
12. 13, and 14 were all known to have a long history 
of onion culture and a high incidence of Fusarium 
root and bulb rot problems. In the unwashed series, 
felds 10 and 13 were comparatively low in the num.- 
bers of Fusarium spp. plated out, whereas fields 1, 12, 
ind 14 were comparatively high (Table 1. Fig. 2-B). 
In the washed series all of these fields were higher 
than the rest of the soils in the numbers of Fusarium 
spp. plated, 

Fields 2. 3. 4. and 5 were newly cultivated desert 
soils, and fields 6. 7. and 8 were cultivated a longer 
time but with good rotations. In all of these, the num- 


ber of Fusarium spp. plated out in the washed soils 


was comparatively low. In the unwashed soils. 2, 3 


and 6 might he considered as high or above average 


in numbers of Fusarium spp. (Fig. 4-B), but the 
spread between fields was small. The relationship be- 
tween root rot occurring in the field and the numbers 
of Fusarium spec ies plated from these soils seems 
more closely related in the washed series than in the 
unwashed.—Department of Plant Pathology, Univer- 


sity of Idaho Agricultural Experiment Station, Moscow. 
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SUMMARY 


Bioassay with a cur umber extract (from antibiotic- 

? . 
treated Bacto-agar and 
dextrose was used for study of the systemic activity of 
evcloheximide plants. 
Pythium ultimum, extremely sensitive to low concentra- 


plants) supplemented with 


semicarbazone in cucumber 
tions of the antibiotic in vitro, was selected from sev- 
eral fungi as most suitable as a biological indicator. 
The bioassay provides direct evidence that cyclohexi 
mide semicarbazone enters and is found in different 
concentrations in various parts of treated cucumber 
plants. Whether application was by root or by leaf 
immersion, concentration was highest in the stem and 
leaves. next-highest in the roots. and lowest in the 
hvpocotvls. When cycloheximide semicarbazone was 
applied to cucumber roots, concentration of the chemi- 
cal in the plants increased over time. In addition. 
accumulation in the stem and leaves was to a level 
above that provided to the roots. Stem and leaf ex- 
tracts from cucumber plants had a greater inhibitory 
effect on the activity of cycloheximide semicarbazone 
in vitro than extracts from either roots or hypocotyls. 


The last had the least effect. 





Introduction.—-The realization that antibiotics may 
be a potential force in plant chemotherapy has stimu- 
lated considerable interest in their systemic activity. 
Numerous reports have dealt with the absorption and 
translocation of various chemicals in plants (2, 3. 4, 7. 
9, 10, 11, 13). 


tive of cv loheximide 


For instance, the semicarbazone deriva 
(Acti-dione). with which the 
present investigation is directly concerned, has been 
systemically active in the treatment of 


Hacker and Vaughn (5) re- 


ported that this antibiotic 


found to he 
certain plant diseases. 
induces pre-infection §re- 
sistance to black stem rust (Puccinia graminis Pers. { 
sp. tritici Eriks. & E. 
Hamilton. Sykolnik. and Sondheimer 


(6) found that this material was systemically active 


Henn.) in the spring wheat 
variety Onas 


novi Cocco 


o against the cherry leaf spot fungus, 
studies the 


criterion for systemic activity was the absence of dis- 


myces hiemalis Higgins. In those two 
ease symptoms on plants treated with the antibiotic 
and inoculated with a pathogen. 

The aim of the present investigation was to test a 
bioassay technique and obtain direct evidence on 
whether eycloheximide semicarbazone or its degrada 
tion product is absorbed and distributed to various 
parts of treated cucumber plants. 
Materials and methods.—Selection of the test. or- 
ganism.—Several fungi isdlated from diseased cucum- 


hers were screened for a test organism suitable for use 


| hese 


emend. 


in the assay of cycloheximide/ semicarbazone. 
were Fusarium oxyspqrum Schlecht. 
Snyd. & Hans., Colletotrichum lagenarium (Pass.) El. 
& Halst., Rhizoctonia solani Kuhn. and Pythium ulti- 
mum Trow. Ina preliminary test of two slightly differ 


lung! 


ent methods of bioassay, one was effective and one was 
not. The paper disc-agar plate diffusion method was 
inadequate since no zones of inhibition developed in 
the “seeded” agar around paper discs impregnated with 
antibiotic in concentrations up to 1000 ppm. The other 
method, similar to the one finally adopted for deter 
mining antibiotic activity in cucumber plants, involved 
mixing known concentrations of the chemical with 
warm Difco potato-dextrose agar (PDA) just prior to 
autoclaving and pouring into Petri plates. After the 
igar had solidified, an agar disc 5 mm in diameter, 
containing a test organism, was placed in the center 


of each plate. After 24-30 hours colony 


diameters 
were measured to ascertain the inhibitive effect of the 
Pythium ulti- 


mum was selected as the best test organism for all as 


chemical on the various fungi treated. 


says because it grew rapidly and was very sensitive to 
the antibiotic. and the colonies had well defined mar- 
gins. 

General methods of bioassays.—Throughout this in- 
vestigation the following procedure was adopted in the 
issay of cycloheximide semicarbazone in extracts from 
Green Prolific cucumber seedlings. When the primary 
and secondary leaves were fully developed, the plants 
were removed from flats of steamed soil and the soil 
was washed from their roots. They were then placed 
with their roots in tap water. The antibiotic was ap- 
plied either to the primary leaves. by immersing them 
in the chemical in small glass vials, or to the liquid 
substrate in which the roots of the plants were im- 
18-29 hours under 


mersed. Plants were treated fo 


continuous illumination (400-500 ft-c) and at tem- 
peratures ranging from 70 to 78°F. On removal of 
the treated plants from the liquid substrate, the treated 
roots were thoroughly washed or the treated leaves 
were discarded. 

Before the plants were assayed for antibiotic activi- 
ty. they were wrapped in alminum foil, frozen, thawed. 
and macerated, and extracts were obtained with a 
Carver hydraulic press. The extract was then cen- 
trifuged and the supernatant was stored frozen. Un- 
treated controls were prepared in the same manner. 
The assay medium consisted of the extract supple- 
mented with 2% Difco Bacto-agar and 2% dextrose. 
The medium was autoclaved and cooled, then 15 ml 
portions were added to sterile Petri plates. After the 
medium had solidified, a 5-mm Difeo PDA dise of uni- 
2-day-old test 


was placed in the center of each 


form thickness, with the organism 
(Pythium ultimum). 
After 24-30 hours at room temperature 


Each 


assay plate. 
the diameters of the colonies were recorded. 


treatment was replicated 5 times. 


95 
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Table 1.—Inhibition of colony diameter of Pythium — cycloheximide semicarbazone. they were harvested and 
ultimum by various concentrations of cycloheximide semi divided into stems plus leaves, hypocotyls, and roots 
carbazone when mixed with extracts trom diffe rent parts ot 


cucumber plants. 


inhibition at concentration 


Origin of (ppm) indicated 

Test extract ) 10 15 20 29 0) 
] Hypocotyls 64 9 90 100 100 
Roots li 8 | 8 i |}6S 

Leaves + stems ( 6 2 29 > 8 

2 Hypocotyls 24 2 9 $89 100 100 
Roots 2 5 7 «#664—«—88OB 

Leaves + sten 10 f 19 25 2 
Standard mixtures of cycloheximide semicarbazone 
were prepared for comparison with unknown extracts 
from treated plants. Known quantities of the antibiotic 
were added to the extract of untreated controls kor 
each experiment the antibiotic standards and the ex 
tracts of unknown activity from treated plants were 
assayed at the same time and in the same manner. 
Percentage inhibition and dosage were respectively 
transformed to probits and logarithms. The data could 
then be plotted as a straight line. which, according to 
Bliss (1). should minimize experimental errors. The 


concentration of the antibiotic as estimated by the in 
hibition properties of extracts of treated plants was 


interpolated from such a straight line 


Results. Efe Ct of cucumdbe extracts on the activity 


of cycloheximid: semicarbazone In two separate 
trials extracts from various parts of untreated cucum 
ber plants (stems plus leaves hypocotyls, and roots) 
were tested for their effects on the action of cyclohexi 
mide semi arbazone in inhibiting colony diameters ol 
Pythium ultimum. Individual agar discs with the test 
organism were placed on assay media consisting of 
Bacto-agar, dextrose. and the extract (diluted 1:1 with 
distilled water) containing known concentrations of 
the chemical. Colony diameters were measured in 


24-28 hours. 


Extracts from various plant parts affect the activity 
of evcloheximide semicarbazone to different degrees 
(Table 1). The fungitoxi iction of evcloheximide 
semicarbazone was reduced st by extracts from the 


stems and leaves and least by extracts from the hypo 


cotyls. 

fhsorption ol cvcloheximide § ser arbazone by cu 
cumber plants. Extracts taken from cucumber plants 
that had been erowing i 1 OU-ppn solution of evyelo 
heximide semicarbazone for various periods were as 
sayed for antibiotic activity i the manne! previously 


desc ribed. 

With one exception, there is a progressive absorp 
tion of cycloheximide semicarbazone over a period of 
26 hours (Table 2 During this time the concentra- 
tion of the antibiotic in the plants increased gradually 


from zero to about 24 ppm 


Transloc¢ ation ot cvclohext le semicarbazone trom 
roots.—Antibiotic concentrations were estimated in 
different parts of treated cucumber plants. After 


plants had grown for 20 hours in a 60-ppm solution of 


Extracts then obtained were diluted 1:1 with distilled 
water, prepared for assay, and assayed as described, 

The results are presented in Table 3. Cyclohexi. 
mide semicarbazone diffuses into the roots and_ be. 
comes distributed in different concentrations through. 
out the plant. Concentrations were greater in the stem 
and leaves than in roots or hypocotyls. The last con- 
tained the lowest concentration of the chemical. Ae. 
cumulation in the stems and leaves reached a level 
above that supplied to the roots. 

Translocation ol cvcloheximide semicarbazone from 
leaves.—In a preliminary experiment, primary leaves 
were placed individually in a solution containing 30 
ppm of antibiotic in 10-ml glass vials. After immersion 
in the antibiotic solution for 29 hours, the primary 
leaves were discarded. The remainder of the plants 
were then assayed by the method described. 

The bioassay showed that the antibiotic was ab- 
sorbed and translocated out of the leaves. Colonies of 
the test organism in the untreated control were 74-76 
mm in diameter. whereas that of the treatment were 


15-47 mm. 


In a similar experiment the primary leaves were im- 
mersed in 40 ppm of the antibiotic for 24 hours before 
assay of the antibiotic in the various plant parts. The 
primary leaves were discarded, and the remainder of 
the plants was divided into the following parts: stems 
plus leaves: roots: and hypocotyls, These parts were 
then assayed as before. 

Antibiotic activity was detected in the stems, Teaves 
and roots, but not the hypocotyls. The stems and 
leaves and the roots respectively contained an anti 
fungal agent equivalent to about 16 ppm and 8 ppm 
of cycloheximide semicarbazone. 

Discussion._-The investigation established that cyclo- 
heximide semicarbazone is absorbed and translocated 
within cucumber plants. This of course does not mean 
that the chemical will also be systemic in other plants 
or that other antibiotics will act the same in cucumber 
plants. It is well known that the absorption and trans- 
location of antibiotics is dependent on the chemical 
and the plant treated. 

From the results, which agree with those of other 

Table 2.—Antibiotic activity in extracts from cucumber 
plants growing in a solution of cycloheximide semicarbazone 


(60 ppm) for various periods, 


Estimated 


Mean diameter concentration 
Period of (mm) of (ppm) of 
immersion (hr) colonies intibiotic 
0 mi) 0 
, o ») 
~ “> - 
6 12 10 
10 5 ie) 
14 30) 20 
18 32 8 
26 27 4 
Each value is an average of 5 replications. The LSD 


was 5.4 at the 5% level, 7.4 at the 1% level 
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Table 3.—Antibiotic distribution in cucumber plants 


following the application of cycloheximide semicarbazone 
(60 ppm) to roots. 


Estimated antibiotic 


Parts assayed inhibition concentration (ppm) 


Stems + leaves kK) 64 
Roots 51 16 
Hypocoty Is 20 7 


workers. it is apparent that an antibiotic may be dis 
tributed in different concentrations to various parts ol 
According to Sander and Allison (12), 


2-pyridinethiol-l-oxide applied to the primary leaf of 


treated plants. 


cucumber seedlings reached high concentrations in 
the roots and low concentration elsewhere. Gravy (4) 
reported that streptothricin applied by leaf immersion 
toa primary leaf of a bean plant, was translocated in 
small amounts to the roots and in high amounts to the 
tops of the plant. In the present study, regardless of 
the method of applying evcloheximide semicarbazone, 
an antifungal agent was in highest concentration in 
the stems and leaves, next-highest concentration in the 
roots. and lowest concentration in the hypocotyls. 

Antibiotic activity in the various extracts of plant 
parts may not be directly attributed to the translocated 
cvcloheximide semicarbazone, since the activity may 
he caused by a different compound arising from 
change in the antibiotic supplied. Lemin and Magee 
(8) studied the movement of cycloheximide acetate-2 
Cl! in tomato plants and suggested that the activity 
was due not to the acetate but to free cycloheximid 
released in the plant. Accordingly there is the possi 
bility that a change to free cycloheximide also occurs 
with the semicarbazone derivative of cycloheximide in 
cucumber plants. It is also conceivable that this 
change, depending on the metabolic site. could occur 
at different rates. which would result in a variation of 
antibiotic activity within a plant. 

The present investigation established that extracts 
taken from various parts of untreated cucumber plants 
had different effects on the activity of cycloheximide 
semicarbazone in vitro. The effect of the various ex- 


tracts on the activity of the antibiotic in vitro was com- 
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pared to the distribution of the antibiotic in the plants. 
Extracts from stems and leaves had the greatest inhibi- 
tory effect on antibiotic activity, although these parts 
from antibiotic-treated plants contained the highest 
concentration of the antibiotic. This could be ex- 
plained by assuming that there is a greater inhibition 
of fungitoxic activity in vitro than in vivo. Perhaps 
cycloheximide semicarbazone is changed within the 
plants either to a substance with greater activity or to 
a substance that is inhibited to a lesser degree.—De- 
partment of Botany and Plant Pathology, The Ohio 
State University, Columbus 
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stUMMARY 


The turnip mosaic virus was purified from infected 


Vicotiana or Brassica spp. by homogenization of tissue 


in 0.5M potassium phosphate (pH 7.5) followed by 
clarification of the homogenate by treatment with n- 
butanol and centrifugation. Infectivity and virus yields 


were always greater when the tissue was homogenized” 
in 0O.5W buffer rather than in weaker buffers or in 
water. Differential centrifugation and selective pre- 
cipitation of the virus by adjusting solutions to pH 5.3 


were used to obtain a highly infectious product show- 
ing strong anisotropy of flow, a single symmetrical 
schlieren peak in an analytical ultracentrifuge, and 
somewhat flexuous rods about 680 mp long and 18 mp 
in diameter. Exposure of the purified virus to low 
concentrations of phosphate and other common buffer 
salts. except borate, caused irreversible aggregation 
and partial loss of infectivity. 





Introduction.—_Many aphid-borne plant viruses are 
present in the host plant in low concentration and are 
relatively unstable in crude extracts. These viruses 
generally lose infectivity in host homogenates after 


aging a few days or when diluted beyond 10° to 10-+. 
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Ni 
Fable 1. Effect of homogenization in different media followed by serological tests with an antiserum pre. 
> wi sedimentation o ! mosale s ° . . . . . . 
on the infectivity and sedimentation of turnip mosaic viru pared by injectin: rabbits with partially purified virus, - 
from Nicotiana glutinosa . ° ; ; . 
For tests in studying the effect of different buffers pe 
j anal’ Lantana or buffer molarity and pH on the virus during homog. 
\ enization of tissue, the leaf midribs were removed and 
; o centril Centril , . . ar 
: the laminae cut into small pieces 2-5 mm_ square, 
' Treatment ugation ugation ate : : : . 
hese small pieces were then mixed well and uniform Tr 
0 : ia 
l. Expressed - 26 > lots were weighed out for use. Small quantities of l 
9 wminaes : wate: 3 | : 
2. Homogenized in wa tissue were triturated with a mortar and pestle, or 2. 
3. Homogenized in 0.1W, pH zed in 50 a : 3 
phosphate 19 9 a ie in oU ce centrifuge tubes using a motor- . 
t. Homogenized in 0.5V. pH ; driven homogenizer. Larger amounts of tissue were { 
phosphate 281 26% homogenized for 3-4 minutes in buffer or water in a 
-0.5M, pH 7.5, phosphate was added to treatments 1, 2, Waring blender. Generally 1.2 ml of liquid were used 
and 3 to a concentration equ ent to that in treatment 4 per g of tissue in order that the homogenate might be 
after centrifugation but befor: ssay sufhciently fluid for efficient maceration. Buffered or 
o sions pe Y halt-leaves La complete block ° . . . 
Average lesions pet i eee , neutralized thioglycolic acid was usually added to the an 
Supernatant after centrifuging 20 min., 12,000 rpm, No : ; liquid 0.1! Thi - 
uve ed ” 
10 rotor of Spinco model L ultracentrifuge iomogenization liquid to a U.I%, concent®ation. 11s 
reducing agent appeared to have a protective effect on bl 
. . <) e : P 2 ‘ vie 
In general. many of the techniques used in the purif infectivity during the homogenization process but had 
cation of more stable plant viruses have not been su little effect in subsequent steps. A small amount of No 
cessful with most aphid-transmitted viruses, presum Dow-Corning antifoam A was added to reduce coplous 
: ‘ 
ably because of their more labile nature. Thus. few foaming in the blender. In experiments in’ which ” 
of these viruses have been isolated in sufhcient quan treatment involved different buffer salts. different mo- we 
tity or states of purity for physical and chemical larities or pH values of the same buffer. or organic er 
studies, although several have been partially purified solvents. samples after treatment were dialyzed over- he 
and their morphology observed in the electron micro night against a common buffer (0.054, pH 7.5 potas- or 
scope. sium phosphate) in an Oxford multiple dialyzer before un 
rs ee ga 
The turnip mosaic virus s properties similar to assay. 
é yee 
many other nonpersistent iphid borne viruses Phe Butanol was redistilled Esti copper befor sie Ml 
- | ' 3d treatments involving extracts containing butanol and eni 
virus in expressed sap loses infectivity in 2-3 days at 
, the ultracentrifugations were carried out at tempera- gli 
room temperature or when diluted beyond 10 (10) : 
; ; ; tures of 2-4°C. A Spinco model L ultracentrifuge was pe 
The virus particles are siender, flexuous rods that are : : ‘ , ape 
used to sediment virus from the clarified extracts in Ou 
characteristically found when preparations from in 
: the preparative experiments, and a Spinco model E in 
fected tissue are observed n in electron MICTOSsScape > . . ° 
we , was used for the analytical sedimentation studies. vil 
Sever T anhid-trans tte \ uses hav heel . " 
: y - - ‘ “bs 1 virusé aos , 1 ;, Experimental results.—-C/arification of homogenates. sa] 
yurihed., mong these may be mentioned the ltalta ‘ re 
(1) 19) Several methods used in the initial purification of | 
Si ( 9) an ucumber mosaic viruses (12). ° ; 
Naa ; “a ol ; oii 7 _ other plant viruses to remove the host chloroplastie ph 
> recently the cauliflower mosat irus (4 n . 
more recent , ' , ngs : material and to give clear extracts were tested with ani 
present report ( ribe i | r the puriheation expressed saps or weaklv buffered homogenates of slo 
> ros ( rus i some oft ropel < . . . . 
of the surmip Mosaic virus al " the propertie infected tissue. Freezing leaves before homogenization, of 
of the virus ld he xtracted ‘id 
mild heating of extracted saps. or acidification of en: 
Materials and methods. The cabbage A strain of homogenates to pH values sufficient to cause denatura- ser 
the turnip mosaic virus was used. The virus was cul tion of the chloroplastic protein all gave preparations res 
tured in Nicotiana glutinosa L... \. multivalvis Lindl of low infectivity, though each produced well clarified 1) 
Brassica chinensis | or Brassica perviridis Bailey supernatants alter slow-speed centrifugation Emulsi- 
Young plants were generally inoculated at the 3—4-leaf fying extracted saps with a mixture of butanel and mo 
stage. Inoculations were made by rubbing carbo chloroform in the cold. followed by recovery of the of 
rundum-dusted leaves with a cheesecloth pad soaked aqueous phase after slow-speed centrifugation (11), ne 
with a buffered homogenate of infected tissue of .V.) did not vield any infectivity in the clear extract. tas 
glutinosa. Tissue was usually harvested when the Centrifugation alone was also tested in attempts to pel 
plants were showing systen symptoms, 2-3 weeks clarify saps. Longer periods and higher speeds of me 
4 . y 1 7 , ) l ri < . . . 
after inoculation. Plants inoculated 2 weeks or longer centrifugation than ordinarily used as an initial treat- we 
usually contained more virus than plants infected for ment were found to remove host chloroplastic material tiss 
shorter periods. fairly effectively. Centrifugation for 30 min. at 12.000 pel 
Virus infectivity assays after the various fractiona rpm in the No. 30 rotor of the Spinco ultracentrifuge | 
tions were made by mechar | inoculation to Vico removed the major part of the green material from ex- kal 
tiana tabacum L. (varieties Havana 38 or Havana 425 pressed saps or dilute buffer homogenates. This treat- of 
which produce necrotic local lesions 3-5 days after ment, however, removed infectivity almost completely ri 
inoculation. An incomplete block design was used fo from the supernatants. Loss of infectivity during this ar 
the infectivity assays. In some ses virus activity was centrifugation was more marked with the solanaceous che 
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Table 2..—Effect of homogenization in different media 
on the infectivity of turnip mosaic virus from Brassica 


pert ridis. 


Local lesions 


No centrif Centril- 

Treatment ugation ugition 
] Expressed sap 32 92 
4 Homogenized ‘in water 10] 128 
3 Homogenized in O.1V. pH tai 

phosphate 299 230 
}, Homogenized in 5 vol. 0.1VM, pH 

1. De phosphate 334 316 
5. Homogenized in 0.5M, pH 7.5, 

phosphate 361 387 

0.5 pH 7.5, phosphate was added to treatments 1, 2 
and o te a concentration equivalent to that in treatment 5 


before centrifugation. 

Average lesions per 12 half-leaves in an incomplete 
block 

Supernatant after centrifuging for 15 min., 15,000 rpm 
No. 40 rotor of Spinco model L ultracentrifuge 


host- than with the crucifers. When the green pellets 
were resuspended in dilute buffer and assayed. the 
greatest virus activity was found in this fraction. This 


iggested that the virus was either adsorhed 


behavior - 
or bound to some host component that sedimented 


under these conditions. or that it was highly aggre- 


1) Effect of buffer pH and molarity during homog- 
enization._ The pH values of the extracted saps of \. 
glutinosa, NV. multivalvis, Brassica chinensis, and B. 
pervtr dis were respectively found to be 5.3 55. 5.5 


e* ) 


5.7. 6.0-6.2. and 6.1-6.2. These low values, especially 
in the case of the solanaceous hosts, indicated that the 
virus may have been aggregating in the expressed 
saps and was thus removed during clarification. 

Ditferent molarities and pH values of potassium 
phosphate buffers were used for homogenizing tissue 
and tested for their effect on the loss of virus during 
slow-speed centrifugation. It was found that buffers 
of suthcient capacity to maintain the resulting homog- 
enate near or somewhat above neutrality prevented fhe 
sedimentation of virus during clarification and also 
resulted in more highly infectious preparations (Table 
1) 

Infectivity was always greater when tissue was ho 
mogenized in buffer that tended to raise the final pH 
of the homogenate. and greatest when the final pH was 
About 1-1.2 ml of 0.5M, pH 7.5, po- 


tassium phosphate buffer or its equivalent was required 


near neutrality 


per got tissue to give a final pH above 7 with the hosts 
mentioned above. When various molarities of buffer 
were ompared by homogenizing in the same buffer-to 
tissue ratios, the 0.5M buffer. pH 7.5. was always su 
perior to more dilute buffers (Table 1] 


Expressed s ips idjusted to pH 7.0—7.5 with dilute al- 


kali were tested in attempts to avoid the diluting effect 
of homogenizing in buffer. The sap was expressed by 


grinding the tissue with a mortar and pestle or meat 
grind followed by squeezing the material through 


cheesecloth and adjusting the pH. Assays comparing 
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this treatment, after addition of equivalent quantities 
of phosphate, with material homogenized in 0.5M 
buffer showed the latter to be greatly superior in in- 
fectivity. This result might have been due to a less 
efficient grinding than occurred in the blender, but the 
effect of grinding in water suggested that such was not 
the case. Material ground in water and subsequently 
brought to the same pH and phosphate concentration 
by dialysis or by addition of strong phosphate before 
dilution and assay, showed markedly less infectivity 
than material homogenized in strong buffer (Table 1. 
ie 

Results with phosphate buffers of greater ionic 
strength suggested that the effect may have been due 
to the higher salt concentration rather than to pH. 
Adjusting aliquots of a clarified 0.5M, pH 7.5, homog- 
enate to various lower pH values. followed by centri- 
fugation and dialysis of the various fractions against a 
common buffer before assay, showed that the higher 
resultant pH rather than the ionic strength was respon- 
sible for the greater infectivity and lack of sedimenta- 
tion during slow-speed centrifugation (Table 3). 

\ number of other salts that buffer well near or 
somewhat above neutrality were tested as buffers dur- 
ing homogenization. The following were compared 
with 0.5M, pH 7.5, potassium phosphate by homogen- 
izing uniform lots of infected tissue at the rate of 1 g 
of tissue per ml of buffer: 0.2M borate, pH 8.0; 0.25M 
glveine. pH 7.5: 0.12M Tris, pH 7.8; and 0.1M vero 
nal. pH 8.0. The pH values of resulting homogenates 
were 7.0-7.6. but none of these buffers resulted in in- 
fectivity titers as high as those with phosphate 

2) Treatment with butanol.—Others (6) have found 
that n-butanol has a solubilizing effect on certain pro- 
teins. It was used initially to test its effect on prevent- 
ing the sedimentation of turnip mosaic virus during 
slow-speed centrifugation and because Steere (11) had 
found that in combination with chloroform it was 
effective in removing extraneous protein from saps 
containing the tobacco ringspot virus. In the present 
study it was found that treatment of buffer homog- 
enates with n-butanol alone was sufficient to precipi- 
tate the host chloroplastic material without inactivat- 
ing the turnip mosaic virus 

Table 3. Sedimentation of turnip mosaic virus in a 
clarified 0.5V buffer extract of Brassic perviridis after 
idjusting to various pH values 


Average no lesions per 6 
half-leaves 
pH Supernatant Pellet 
7.3 teontrol) 117 2 
6.0 145 2h 
3.9 | 108 
0 73 
& 0 51 
LO 0 ] 


Centrifuged 15 min., 10,000 rpm, in No. 40 rotor of 
Spinco model L ultracentrifuge. 

Pellets resuspended by placing on a mechanical shaker 
for 2 hours in a volume of 0.05V phosphate buffer equal to 
that of the supernatant 

















Fig. 1.—Aggregating effect of phosphate on the turnip 
mosaic virus. Left to right, tubes containing distilled 
water; virus in water; 0.02W, pH 7.3, phosphate; and 
0.02M. pH 7.3, borate. The virus concentration is the same 
in each of the 3 tubes on the right 


The solubility of n-butanol in water is inversely re- 
lated to temperature. It was found that a solution of 
about 10% butanol could be reached in buffered host 
homogenates at temperatures of 2-5°C. A concentra- 
tion of 810% butanol 
the host chloroplastic material after incubating for 30 


gave efficient denaturation of 
min. or longer. Centrifugation of treated homogenates 
for 15 min. at 5000 rpm in an angle rotor resulted in 
clear supernatants: containing almost all of the in- 
fectivity. 

Longer incubation with butanol appeared to result 
in less virus aggregation during subsequent treatment. 
In general, virus yields during subsequent steps were 
greater when 0.5M buffer homogenates were incubated 
butanol rather than 30-60 
min. with 10°. butanol, although the latter treatment 
The method that worked 


best was to cool the buffer homogenate to about 5°¢ 


overnight at 2—4°C with 8' 


did not decrease infectivity 
after filtration through 2 thicknesses of cheesecloth 
The homogenate was then placed on a magnetic stirrer 
and the butanol added dropwise to the constantly 
stirred homogenate from a small separatory funnel at 
a rate approximately equal to that at which the 
butanol went into solution. The homogenate was then 
incubated overnight at 2—4°C with stirring. 

Ultracentrifugation and pH _ precipitation.—Follow- 
ing clarification the buffer extracts were centrifuged at 
high speed to separate the virus. Generally. clear 
gelatinous pellets resulted from one high-speed cen- 
trifugation. Various buffers were tested as resuspen- 
sion fluids, but water was found superior to all and 
resulted in less aggregation and loss of virus during 
subsequent treatment. The pellets were usually cov- 
ered with water and placed on a gently moving me- 


chanical shaker for several hours for resuspension. If 
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the virus, resuspended in water, at this stage was 
again given a cycle of differential centrifugation, the 
bulk of the material in the pellets remained insoluble 
in water after the second ultracentrifugation. Precipj- 
tation at acidic pH values was found to be a more con. 
venient means of further purification of virus at this 
stage, and resulted in less tendency for aggregation 
during subsequent treatment. 

Previous results with the insolubility of turnip 
mosaic virus at lower pH values suggested that acid 
precipitation might be useful in further purification, 
Tests showed that the virus could be precipitated 
quantitatively by adjusting concentrated aqueous solu- 
tions to pH 5.5-5.0. The formation of flocculent pre. 
cipitates that could be easily removed by slow-speed 
centrifugation at these pH values was found to re. 
quire small amounts of salt. 

Behavior during acidification suggested the isoelec- 
tric point of the virus may be near pH 5.3. On several 
occasions water solutions of virus were carefully ad- 
justed to various pH values from neutrality to pH 45 
while turbidity readings were taken by determining the 
absorbance at 420 my. Maximum turbidity was at pH 
5.3. On other occasions, however, preparations of the 
virus. increased in turbidity as pH was lowered to 
5.5-5.3 but did not become less turbid at lower pH 
values. 

As used in the purification of the turnip mosaic 
virus, pH precipitation was found to be a convenient 
method to remove much host nucleoprotein, which 
sedimented from butanol-clarified supernatants dur- 
ing ultracentrifugation. After the first ultracentrifuga- 
tion, virus was resuspended in water to a volume about 
1/10th that of the original homogenate. This material 
was given a slow-speed centrifugation after the addi- 
tion of pH 7.5 sodium borate buffer to a final concen- 
tration of 0.02M. Dilute HCl was added dropwise with 
rapid stirring to this solution to adjust the pH to 5.3. 
Solutions generally became markedly opalescent below 


pH 6, and a flocculent precipitate appeared near pH 
5.5-5.3. When a flocculent precipitate did not appear 


at this pH after stirring for a few minutes, small quan- 
tities of solid NaCl were added until the precipitate 


Table 4. 


mosaic Virus, 


Aggregating effect of various salts on turnip 


Optical density at 420 my at various 
times after adding buffer salt 


Salt added 10 min. 30) min. 24 hrs. 
Water —0.005 0.004 0.068 
Ammonium sulfate 0.258 0.317 0.340 
Citrate 0.00 0.00 0.050 
EDTA 0.100 0.150 0.160 
Phosphate 0.008 0.006 0.040 
Sodium chloride 0.050 0.062 ().229 
Tris * 0.012 —0.005 0.056 


All salts added to a final concentration of 0.02VM, pH 


m 

Virus containing 0.02V, pH 7.3, borate used as control 
preparation (O.D. 0.0). 
Ethylene diamine tetraacetic acid, 


Tristhydroxymethv!) aminomethane 
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PURIFICATION OF TURNIP MOSAIC viRuS 


HOMOGENIZE IN 0.5M PHOSPHATE (pw 7.5 
|.2ML BUFFER PER GRAM Tissue _ 


~-LILTER, HOMOGENATE, 
boiscanp 


| FILTRATE 


aSENTRIFUGE 5000 RPM -iI5 MIN. 
==ss=8 ===Saeeee 
. 
EOISCARD PELLET 
2 SUPERNATANT 
CENTRIFUGE 30,000 RPM — 2 HRS 
<< eee pe ee eng 
. 
EOISCARD SUPERNATANT 
3 PELLET 
SPEND WATER 4 HRs 
ADD BORATE (pn 7.5) T 0.02™ 


CENTRIFUGE 5000 RPM-i5M 
ee 


. 
. 
' A LET 
ab oe Mle TO 


4 SUPERNATANT ” a 


A Ne F NECESSARY 
CENTRIFUGE 10,000 RPM -IOMIN 
a 


| PELLET 


. 
SDISCARD SUPERNATANT 
Sessee& eee eee eee 


CENTRIFUGE 5000 RPM-iI5MIN 


<_< e ee eee 
. 

SDISCARD PELLET 
BRewee eee eeneue 


6 SUPERNATANT 


CENTRIFUGE 40,000 RPM |.5HRS 


eee ee eg ee ee eg 
. 
DISCARD SUPERNATANT 


7 PELLET ae 


. 
fOISCARD PELLET 


PURIFIED VIRUS 
Fig. 2. 
cation of the turnip mosaic virus 


Flow sheet of the procedure used for the purifi 


lormed. This precipitate was removed by centrifuging 
lor a few minutes at 10,000 rpm and resuspended in 
0.02M borate buffer of pH 7.5. 


not removed completely by the first treatment; how- 


Occasionally virus was 


ever, the use of a small additional quantity of NaCl. 
followed by centrifugation, 
Tests showed that the 
precipitation was not infective and did not exhibit 


removed all the virus. 
supernatant following acid 
anisotropy of flow or possess any serological activity: 
however, examination of the supernatant in an ultra- 
violet spectrophotometer showed that considerable 
nucleoprotein was present. 

Following acid precipitation, solutions were stirred 
for a few hours to effect complete resuspension of virus 


and given a slow-speed centrifugation to remove insolu- 
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ble material. The virus generally showed more in- 
fectivity following this treatment (Table 5). 

Aggregating effect of certain buffer salts—As men- 
tioned previously, it was observed that resuspension of 
pellets from ultracentrifugation in dilute phosphate, 
pH 7.5, resulted in less infectivity than resuspension 
in water. It was also observed that when partially 
purihed preparations were diluted with phosphate for 
infectivity assays, precipitates appeared when the virus 
solution was pipetted into the phosphate. These pre- 
cipitates were removed by slow-speed centrifugation 
and found to contain the infectivity. This apparent 
aggregating or precipitating effect was also found with 
other common buffer salts. 

The aggregating effect of various salts was easily 
tested by adding the salt solution to a fairly concen- 
trated aqueous solution of virus and observing the re- 
sultant increase in opalescence or turbidity (Fig. 1). 
In some cases, aggregation was not apparent immedi- 
ately but developed after a few hours at room tem- 
perature and appeared to vary somewhat with the con- 
centration and previous treatment of the virus prepa- 
ration. Borate was the only buffer found to be suitable 
for use with partially purified turnip mosaic virus, for 
it was the only one tested that did not cause aggrega- 
tion. Virus solutions containing borate remained clear 
for several days, in contrast to other salts tested. Table 
t shows the increase in turbidity of virus solutions con- 
taining other buffer salts after incubation for various 
periods at room temperature. 

\ flow 


found to be 


sheet showing the purification procedure 
most successful with the turnip mosaic 
virus is shown in Fig. 2. Infectivity titers at various 
steps during purification are shown in Table 5. 

{nalytical ultracentrifugation and electron micros- 
copy.—Purified turnip mosaic virus in 0.2M, pH 7.3, 
borate showed a single schlieren peak during sedi- 
mentation in an analytical ultracentrifuge (Fig. 3-A). 
indicating that a single component was present. Some 
purified preparations showed small amounts of ma- 
terial that sedimented very rapidly unless the prepa- 
ration was first centrifuged for a few minutes at 20,000 
rpm. If the last cycle of differential centrifugation was 
omitted, virus preparations showed small amounts of 
more slowly sedimenting material. 


Virus preparations to which phosphate was added 


Table 5. Infectivity of turnip mosaic virus from Brassica 
perviridis after various treatments during purification. 


Lesions per 


half leaf * 


Treatment 


|. O.SV buffer homogenate 193 
2. Homogenate after addition 8% n-butanol 73 
3. Homogenate with butanol after slow speed 
centrifugation 208 
1. Resuspension after Ist ultracentrifugation 98 
5. Resuspension after precipitation at pH 5.3 188 
6. Resuspension after 2nd ultracentrifugation 119 
7. Resuspension after 3rd ultracentrifugation 126 


Average number from 9 half-leaves in an incomplete 
block after dilution to a volume equivalent to the original 
homogenate. 
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Fig. 3..-Sedimentation diagrams of turnip mosaic virus 
A) Virus in 0.02V, pH 7.5, borate. B) Virus in 0.02M, pH 


7.5, phosphate 


immediately before running in an analytical ultra 
centrifuge showed, in addition to large amounts of ma 
terial that sedimented very rapidly, two schlieren 
peaks (Fig. 3-B). The slower migrating peak moved 
at about the same rate as virus in borate. and was 
probably nonaggregated virus The larger, more 
rapidly moving peak was apparently aggregated virus, 
since this component was absent in similar prepara 
tions in borate. 

The virus preparation whose sedimentation diagram 
is shown in Fig. 3-A, gave a dilution end-point on 


tobacco of 10°°. Other similar preparations at a! 


out 
the same concentrations showed dilution end-points of 
10-° to 10-7. This indicated that the single component 
observed during ultracentrifugation was the virus. 

Electron microscopy of purified turnip mosaic virus 
showed numerous rods, and no other characteristic 
particle (Fig. 4). The small spherical particles fre- 
quently associated with host microsomal material were 
not present. The virus rods were about 680 my long 
and 18 my in diameter. Most of the virus rods from 
preparations containing borate were of fairly uniform 
length, though some longer and shorter particles were 
observed. 

Serology.—<An antiserum with a precipitin titer in 
excess of 1/512 was prepared by injecting rabbits with 
partially purified freeze-dried virus suspended in 
saline. The virus was insoluble after freeze-drying but 
retained some infectivity. The antiserum did not react 
in precipitin tests with the cauliflower mosaic. turnip 
vellow mosaic, or turnip crinkle virus. 

Discussion.._The low pH of the extracted saps of 
certain plants is probably due to the mixing of acid 
vacuolar contents with the cytoplasm during the break 
ing of cells. The resultant low pH is sufficient to 
denaturate part of the cytoplasmic protein (13). A 
similar situation appears to apply in the case of some 
plant viruses. Partial loss of infectivity and insolu- 
bility of turnip mosaic virus occurs unless the pH is 
adequately controlled during homogenization. A simi- 
lar loss of infectivity unless tissue is homogenized in 
buffer has been observed with alfalfa mosaic virus 
(5). Many host plants, e.g.. members of the solanaceae 
and cruciferae as observed in the present study, have 


acid saps: others, such as certain legumes and cucur- 
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Fig. 4.—Electron micrographs of turnip mosaic virus. 
A) Nonaggregated virus. B) Aggregated virus. (Both 
approximately 41,000). The large white spheres are poly- 
styrene latex particles 1225 A in diameter. 


bits, have almost neutral saps. In cases where a given 
virus has a wide host range a choice of host may be 
available so as to avoid those with acid saps. 

The aggregating effect of certain salts on the turnip 
mosaic virus has been observed with other viruses of 
similar morphology. Phosphate has been observed to 
induce aggregation and to inactivate potato virus X, 


particularly at elevated temperatures (2). 


Proteins 
and the materials in plant sap protected against this 
inactivation. Several other salts were also found te 
have similar inactivating effects, but not borate or 
veronal buffers. The latter buffer. but not borate. was 
found to cause aggregation of turnip mosaic. Methods 
have recently been described for the preparation of 
nonaggregated tobacco mosaic (4) and potato virus X 
(8). Neither method. however. was successful with 
the turnip mosaic virus. 

Analytical ultracentrifugation and electron micros- 
copy indicate that turnip mosaic as purified here is 
essentially pure, with characteristic particles asso- 
ciated with infectivity. The dimensions of the virus 
particles are not quite in agreement with those re- 
ported by others (3). but appear shorter and of 
greater diameter.—Department of Plant Pathology, 
University of Wisconsin, Madison. 
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The effect of air temperature of 16, 20, 24, and 28°C 
on multiplication of TMV in resistant and susceptible 
pepper was studied. Susceptible varieties, as repre- 
sented by California Wonder. developed systemic 
mottle and chlorosis. and virus concentration initially 
increased as temperature increased. The reverse was 
obtained with later assays. virus concentrations being 
greater at 16° than at 28 Resistant Yolo Wonde 
plants developed systemic chlorotic lesions at 16° but 
systemic necrosis at 28 
tration increased with increased temperature. Virus 
was not recovered from the very tip leaves of plants at 
16° and 20°. Resistant plants of P.I. Accession 163201 
developed only necrotic lesions on inoculated leaves. 
These were rapidly lost by abscission. At no temperature 


In all assays virus concen- 


and with no method of inoculation did systemic in- 
vasion occur. Delaying abscission of inoculated leaves 
by as much as 6 days by use of indoleacetic acid did 
not result in systemic invasion. 





Introduction.__[n 1934. Holmes (3) reported that 
a single dominant gene in certain pepper varieties 
(C.z. Tabasco) controlled the localization of tobacco 
mosaic virus (TMV) in inoculated leaves. In a later 
paper (4) he reported that three genes (L. /', and 1) 
in an allelic series controlled all the reactions to TMV 
e studied. The gene L con- 


in the pepper varieties | 
trols the local-lesion reaction. restricting the virus to 
inoculated leaves. This gene is completely dominant 
over /', which effects imperfect localization of the virus. 
and over /, which permits full systemic spread. Gene 
l' is partially dominant over gene /. 

In 1952. Porter and Younkin (6) announced the 
development of Yolo Wonder pepper, a PM\V-resistant 
variety derived from the cross California Wonder 
(susceptible ) Elephant Trunk (resistant). The 
reaction of Yolo Wonder to TMV was described as 
follows: “Yolo Wonder is resistant to tobacco mosai 
virus because the virus does not readily move out of 


the inoculated leaves. If plants are artificially inocu- 


lated, relatively large lesions develop on inoculated 
leaves which drop soon after the necrotic spots appear. 
thus preventing virus movement in the plant.” 

rhe expression of resistance to viruses by plants has 
been shown in some cases to be markedly affected by 
the air temperature at which the plants are grown 
(7, 8). This paper reports a study of the effect of 
temperature on the multiplication of TMV in peppers 
of various genotypes and on plant reactions at various 
temperatures. 

Materials and methods.—-Seeds of 128 accessions of 
Capsicum frutescens L. were obtained from the South- 
ern Regional Primary Plant Introduction Station and 
assayed for resistance to TMV. Accession no. 163201 
was found to be heterozygous for the local-lesion gene 
some plants showed only necrotic lesions on inoculated 
leaves whereas others showed only a systemic mottle. 
Selfed progenies ot plants of each genotype vielded 
only the two types and in ratios indicating that only 
the two genes L and / were present. This accession 
was selected for further studies, and plants of // com- 
position (herein referred to as 163201-S) were sepa- 
rated from those of LL (herein referred to as 163201- 
R) and Li by the following method. The cotyledons or 
the first two true leaves of labeled plants were inocu- 
lated and excised immediately for incubation in metal- 
lic trays on 2% water agar. Within 2-3 days the 
leaves from plants containing the local-lesion gene 
could be easily distinguished from others by the con- 
spicuous necrotic lesions (Fig. 1). This method was 
quick and gave absolute separation of the plants into 
resistant (163201-R, primary lesions only). and sus- 
ceptible (163201-S, systemic symptoms). 

The commercial varieties of Capsicum annuum L. 
used were obtained from the Associated Seed Growers, 
Inc. These were California Wonder (lot no. 57102), 
and Yolo Wonder (lot no. 37246). 

Seeds were sown and plants were grown in quartz 
sand watered with a balanced nutrient solution. In- 
oculations were made by rubbing two lower carbo- 
rundum-dusted leaves with a purified preparation of 
TMV. 

The inhibitory action of pepper juice against viruses 

5) was obviated by diluting infectious sap or by 
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Fig. 1..-Symptoms on inocu 
I 
paired leaves. Note the se paration into 2? distinct classes 


heat clarification (65°C for 15 minutes. followed bv 
low-speed centritugation } Thus. by diluting sap 
1:2000 followed by heat clarification. the inhibitor 
potency was doubly neutralized (Table 1) 

In practically all experiments, virus concentration 


was determined by both local-lesion and optical-density 


assays. In preparing inoculum for assay. sap samples 
were obtained from frozen tissue by trituration with a 
mortar and pestle for inoculated and tip leaves, and 


with a Waring blender for composite leaf samples. 
Distilled water was used as a diluent. Sap aliquots, in 
equivalent dilutions, were used as assay samples. For 
local-lesion assays heat-clarified sap extracts were 
used. Ultraviolet absorbency (O.D.) readings were 
made of preparations purified by two cycles of low 
high-speed centrifugation following heat clarification 
Temperature comparisons by local-lesion assay were 
made by the incomplete block design used by Pound 
(7), using plants of the F, hybrid of Vicotiana 
glutinosa * N. tabacun 
Results.—Symptoms.—California Wonder plants and 
susceptible plants of Accession 163201 did not exhibit 
the conspicuous mottle found in outside plantings, but 
rather a general chlorosis that resulted in a bleached 


appearance (Fig. 2) Symptoms were more severe in 





ited leaves excised and incubated on water agar. Each of 12 plants is represented by 


winter experiments, when light intensity and photo- 
period were reduced, than in spring experiments. In 
the spring. symptoms on inoculated leaves were gen- 
erally absent at 16 and 20° and abscission did not 
occur: at 24 and 28°. inoculated leaves developed 
chlorosis and abscised about 16-18 days after inocula- 
tion. Primary symptoms were never confined to dis- 


crete necrotic lesions. 


Table 1.—Effect of dilution and heat clarification (65°C 
for 10 min.) on infectivity of sap from TMV-infected pepper 
plants 


No. lo al lesions a 


Untreated Heat-clarified 

Dilution sap sap 

0 10] 

1:10 3 : 
1:100 220 ' 

1: 1000 t 

1 :2000 310 160 

1 :4000 173 210 


Che untreated and clarified saps were compared in half- 
leaf inoculations on Nicotiana glutinosa. Values are aver: 
ages of 6 half-leaf replications. 

Lesions were too numerous for accurate count. 
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Fig. 2.—-Systemic symptoms produced by TMV on Yolo 
Wonder (left) and California Wonder (right) pepper 
plants. Note blotchy necrotic lesions on Yolo Wonder and 
the general chlorosis on California Wondet 


Temperature affected both the rate of development 
and severity of systemic symptoms. Incubation periods 
increased with decrease in temperature. At 28° the 
characteristic syndrome was a prolonged and severe 
chlorosis that. in the winter. was followed by stem 
necrosis and death. At lower temperatures, especially 
in the spring, the chlorosis was less pronounced and 
less prolonged and tip leaves developed necrosis. 

Yolo Wonder was used as a very tolerant variety 
but one in which systemic infection readily occurred. 
Distinct necrotic lesions developed on inoculated leaves 
at 16, 20, and 24°. At 28° the lesions were indistinct. 
and severe chlorosis and necrosis occurred within 4 
days. In the spring, inoculated leaves at 16, 20, 24. 
and 28° abscised in about 14, 11. 6, and 5 days, re- 
spectively. In the winter, abscission was slightly 
earlier. Severity of systemic symptoms increased with 
increased temperature. At low temperatures, systemic 
symptoms consisted of large blotchy chlorotic lesions. 
At high temperatures the lesions were necrotic and 
leaves abscised progressively (Fig. 2, 3). Stem streak 
was also common (Fig. 3). 

Resistant plants (163201-R) produced only necrotic 
lesions on inoculated leaves. At all temperatures, in- 
oculated leaves abscised and the plants remained free 
of systemic infection. The time required for lesion 
appearance decreased with increase in temperature, 
and rate of leaf abscission increased. 

Effect of temperature on virus multiplication ——In 
California Wonder and 163201-S_ plants, virus con- 
centration in inoculated leaves at 6 days after inocula- 
tion increased with increase in temperature. In com- 
posite leaf samples and in tip-leaf samples of these 
two varieties, virus concentration patterns were some- 
what similar (Table 2. 3) to the cyclic pattern in 


tobacco and tomato (1). Initially. virus concentration 
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Fig. 3.—Typical symptoms produced on Yolo Wonder 


at 28°C. Note systemic 


increased with increase in temperature. By 


necrosis and stem streak 


18 davs 


after inoculation. however. the order of concentrations 


shifted so that the higher concentrations were at the 


lower temperatures. 


The virus concentration in plants 


at 16 and 20° increased throughout the 18 days of the 


Table 2... TMV concentration 6, 12, and 18 days after 


inoculation in tip 


grown at different air 


Air 
temperature 
‘ts 


16 
20 
4 


28 


Values given are 


leaves oft 


California 


temperatures 


Wonder pe ppet 


Virus concentration (0O.D.)* 


h davs 


0.000 
0.000 
0.160 


0.285 


ultraviolet 


12 days 


0.084 
0.100 
0.260 
0.060 


18 days 


0.250 
0.120 
0.050 
0.035 


absorbencies (at 265 my) 


of purified preparations on a Beckman DI 


eter 


Spe trophotom 
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Table 3.—TMYV concentration 6, 12, and 18 days afte 
inoculation in composite leaf samples of systemically 
infected plants of Accession 163201-S grown at different air 


temperatures. 


Nir \ concentration 

temperature 

(°C) 6 days 12 days 18 davs 

16 0.100 0.110 0.125 

20 0.125 0.242 0.255 

24 0.175 0.460 0.210 

28 0.210 0.125 0.140 

Values given are ultraviolet sorbencies (at 265 mu) 

of purified preparations on a Beckman DU Spectrophotom 


ete! 


experiment, whereas at 24 and 28° it reached a maxi- 
mum early and then declined Both varieties showed 
the same general concentration pattern among the 
different temperatures 

The pattern of virus neentrations in inoculated 
leaves of Yolo Wonder was. in all experiments, iden- 


tical to that in California Wonder plants. In one ex- 


periment the O.D. values of purified preparations 
made 4 days after inoculation were 0.000, 0.050, 0.095 
and 0.260 at 16, 20, 24. and 28°. respectively. In com 
posite leaf samples the virus concentration in all as 
says increased with increase in temperature (Table 4). 
This is in marked contrast to susceptible varieties in 


which patterns were cyclic. In Yolo Wonder, the virus 
concentration increased steadily in plants at all tem 
peratures throughout the 18 days of the experiment 
In tip leaves the virus was isolated only from plants 
growing at 28°. Even at 18 days after inoculation. no 
virus was detected in the tip leaves of plants growing 
at 24° or lower. 

\s mentioned earlier. only necrotic lesions occurred 


) 


on inoculated plants of 163201-R and the virus could 
never be recovered from uninoculated plant parts 
Inoculated leaves rapidly abscised following the devel 
opment of nec rotic lesions, and it was considered pos- 
sible. as suggested by others. that immunity to svs 
temic invasion might merely be that rapid leaf abscis 
sion prevented the virus from reaching the stem lo 
test this hypothesis stems of plants of 163201-R were 
; 


inoculated by rubbing with a carborundum-virus prep 


aration. by injection of purified virus into the plant 


with a hypodermic needle. and by approach and cleft 
grafts with California Wonder plants. In no case was 


systemic infection obtained. TMV did not pass from 
California Wonder plants into plants of 163201-R 


through a graft union. Histological examination of the 
craft union showed that the 2 tissues were united by 
continuous parenchyma 

In a further test, indoleacetic acid (1:1000)— in 
lanolin was applied to the base of inoculated leaves to 
delay abscission. Though the resulting delay was as 
much as 6 days. no systemic spread of the virus o¢ 
curred. In tests with California Wonder and Yolo 
Wonder in which inoculated leaves were excised at 


certain intervals after inoculation. data showed that 
movement from inoculated leaves into stems had oe- 


curred within 12 hours at 20° and earlier at higher 
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temperatures. Thus, it would seem that 10 days at 28° 
would be ample time for the virus to move into the 
stem. The failure to do so in 163201-R can only be 
interpreted as being due to complete localization of 
TMV in the inoculated leaves. 

In assays from inoculated leaves of 163201-S and 
163201-R at different temperatures at 4 days after in. 
oculation almost no virus was recovered from resistant 
plants. In one experiment where concentrations in 
inoculated leaves of 163201-S and 163201-R_ plants 
were compared in half-leaf inoculations, the respec. 
tive average numbers of lesions were: 44 and 1 at 16°. 
303 and 2 at 20°, 175 and 6 at 24°. and 142 and 26 at 
28°. These low values of virus concentration of sam- 
ples from resistant plants would indicate that the 
virus is almost completely inactivated in the lesion 
tissue. or that lesions are incited by a minimal virus 
synthesis. 

Discussion._-Temperature obviously affects move- 
ment of the virus in Yolo Wonder plants since the very 
tip leaves of plants at 16 and 20° were free of virus 
even 18 days after inoculation. It is necessary to con- 
sider temperature in evaluating breeding material for 
disease resistance. Crossan and Rahn (2) recently 
reported Yolo W onder pepper to be tree ot symptoms 
at one month after inoculation in the field. The pres- 
ent studies indicate that this would not be the case at 
24°C or above unless the strain of Yolo Wonder they 
used contained the local-lesion gene L described by 
Holmes (3) and reported herein as occurring in Aec- 
cession 163201. No Yolo Wonder stock we tested 
possessed this gene. In their announcement of the 
variety. Porter and Younkin (6) indicated the absence 
of the Tabasco local-lesion gene. They implied, how- 
ever, that inoculated plants later became free of the 
virus by leaf abscission. 

The temperature response ot Yolo Wonder pepper 
to TMV infection is almost the exact counterpart of 
the reaction of Ambalema tobacco to this virus (1). 
In both cases, at 16 and 20° the inoculated plants de- 
velop very mild symptoms, and the virus concentration 
in the plants is very low. Disease severity and virus 
concentration increase with increase in temperature 
and show a gradient that does not vary with time. 
There is no evidence of a eyclic concentration pattern, 
as occurs with this virus in hosts where higher con- 
centrations of virus are reached (1). and virus con- 
centration is markedly lower than in more susceptible 
varieties. This might add credence to the idea that a 


Table 4.--TMV concentration 6, 12, and 18 days after 
inoculation in composite leaf samples of Yolo Wonder 
pepper grown at different ait temperatures 


Air Virus concentration (O.D.) 
temperature 
tee, 6 days 12 days 18 days 
16 0.000 0.000 0.080 
20 0.012 0.050 0.115 
24 0.060 0.095 0.185 
28 0.135 0.245 0.360 


Values given are ultraviolet absorbencies (at 265 mu) 
of purified preparations on a Beckman DU Spectrophotom- 
eter. 
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cyclic pattern occurs only in host-virus combinations 
where the virus occurs in high concentration. Pound 
and Garces (9) recently showed that a cyclic pattern 
does not occur with the turnip mosaic virus, a virus 
that also develops in relatively low concentration. 

The resistance in Accession 163201 apparently rep- 
resents immunity to systemic invasion of the virus. 
Expression of this resistance was independent of the 
air temperature at which the plants were grown. This 
is different from the resistance of Nicotiana glutinosa 
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Fusarium oxrAYsporum # conglutinans race 2 pene- 
trates both susceptible and resistant plants of radish 
through the root tip ot primary and secondary roots 
and through the cortex in the region of differentiation 
or immediately above. Root hair penetration is infre- 
quent. Invasion through the cortical region was both 
intercellular and intracellular. The fungus advanced 
principally in the direction of the stele and was not 
found to traverse up the cortex to any extent. Sus- 
ceptible and resistant plants showed little difference 
in the extent of fungal invasion and amount of my- 
celium observed in this region. Vascular invasion 
occurs in both susceptible and resistant ple’ .. but 
mycelial concentration in the latter was s] . De- 
terioration of the stelar and cortical tissues ccurred 
when the cambial region was heavily invaded. Conidial 
and chlamydospore formation in the xylem vessels was 


Normal thicken- 


ings of cortical and endodermal cells were not effec- 


observed only in susceptible plants. 


tive barriers to the fungus, and ne suberized thicken- 
ings were formed in response to fungal penetration. 
The fungus was shown to traverse to the upper parts 
of the susceptible plants. including the leaves and the 
apical meristem. Resistant plants rarely showed pene- 
tration above the lower hypocotyl region. It is believed 
that resistance is localized principally in the vascular 
system and that it is inherent to the protoplasm and 
does not result from any morphological barrier to 
growth and spread of the fungus. Age of plants had 
little effect on expression of resistance but concentra 
tion of inoculum was a factor in amount of disease de- 
velopment. severity increasing with increased dosage. 
High concentrations of inoculum markedly reduced the 
expression of resistance. and stroking the roots of 


and Glenn S. Pound 


resistant plants before dipping them in inoculum en- 
hanced the effect of the concentrated inoculum. Fy 
progenies of susceptible resistant plants expressed 
a level of resistance that was intermediate between the 
parents. The F. progenies and backcross progenies 
showed resistance of about 15%. These ratios suggest 


that resistance is polygenic in nature. 





Introduction.— Fusarium yellows of radish, Rap- 


hanus sativus L., incited by race 2 of Fusarium oxy- 
sporum {. conglutinans (Wr.) Snyd. & Hans., was de- 
scribed by Kendrick and Snyder (2) in 1942 on 
Chinese winter radish in California, and later by 
Snyder and Bardin (5) in commercial plantings of 
Early Scarlet Globe radish on peat soil in California. 
\ serious disease of radish on muck soils in Wisconsin 
was shown by Pound and Fowler (4) to be caused by 
the same organism. This organism is distinguished 
from the cabbage yellows organism, F. oxysporum f. 
conglutinans race 1, on the basis of distinct differences 
in pathogenicity to cabbage (4). In 1957, the resistant 
radish variety Red Prince was released to the seed 
trade (3). This paper reports studies on the nature of 
the resistance of this variety. and certain factors affect- 
ing its expression, 
Histological studies..Materials and methods. 

Resistant Red Prince radish was developed by selec- 
tion from the commercial Early Scarlet Globe. Tests 
of this variety in the greenhouse showed it to be highly 
resistant in comparison with the susceptible Early 
Scarlet Globe. Various inoculation techniques were 
used to study different aspects of infection: 1) plant- 
ing seeds on artificial media inoculated with the yel- 


lows organism; 2) dipping roots of 5-day-old plants in 
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Table I. 


Infection of voung 
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ots and hypocotyls of susceptible Early Searlet Globe and resistant Red Prinee radish 


by Fusarium oxysporum f. cong nans race 2 when grown on agar. 
Intensity of infection © in susceptible (S) and resistant (R) plants 
Region of differentiation Vascular area 
Outer Inner 

Davs exposure Root lip Epidermis cortex cortex Protoxvlem Cortex Stele 
to inoculum * Exp. no S R Ss R Ss R S R S R S R ie 
l XXX XXX XX XX x XX 0 x 0 x 0 0 0 9 
] KXX «x XXX xX xX XX XX x x 0 x 0 0 9 
2 KX x x 0 x 0 0 0 0 0 0 0 0 4 
x xXx 0 xx 0 x 0 0 0 0 0 0 0 9 
XXX KXX XXX XXX XXX XXX XX XX x x x x @ 
2 XXX XXX XXX XXX XXX XX XX XX xx O : 2 
z XXX XXX XXX XXX XXX XX XX x x 0 x 0 O° 9g 
XXX XXX Xx XXX x x x 0 0 x 0 9g 
XXX XXX KXX XXX XXX XX XXX XX x x : & 
) KXX XXX XXX XXX XXX XXX XXX XX x x x @ 
2 XXX XXX XXX XX XXX x XXX x x 0 x @ 
XXX XXX XXX XXX XXX XX XX x x 0 x «@ 


‘Young seedlings were pl 
"For each of 2 experiments, 
Symbols shown 


fection: xxx 


) 


represent intection intensity as 


severe 


an inoculum suspension and transplanting into soil; 3) 
planting seeds directly into infested soil. 


For infection studies on agar media, seeds were first 


surface-sterilized in mercuric chloride (1:1000). thor- 
oughly washed in 3 changes of sterile water. and 
germinated on potato-dextrose agar at room tempera- 


Petri 


Additional 


trose agar were inoculated in the center of the plate 


ture. plates containing potato-dex- 


with inoculum derived from a single-spore culture of 


the pathogen. The seeds were placed on media the 
same day as the other plates of media were inoculated 
After 2 days, 


through the 


with the fungal organism. the seeds with 


the primary roots extending seed coat 


were transferred to agar plate cultures of the pathogen 
and were placed around the expanding fungal culture. 
Care was taken to place the root tip of eae h seedling 
at the margin of the developing culture. The primary 
roots of the seedlings when first placed on the fungus 
cultures were about 0.5 em long. As the fungus grew 


outward, it came in contact with the older regions of 


the root. containing the root hairs and including the 
expanding hypocotyl region The inoculated plates 


containing the seedlings were incubated at room tem- 
perature, and several seedlings were removed each day 
for 3 days for fixation and embedding 
In soil infection studies at 20-24°C 


d been sterilized and then 


seeds were sown 


directly in muck soil that 


reinfested Seedlings were lifted at various intervals 
for fixation and embedding. In removing the plants, 
care was taken to lift as much as possible of the entire 
plant: but even so. some damage to the root svstem 


occurred, especially when the plant was severely dis 


eased. The roots were washed by gentle agitation in 
water. 

In other studies seedlings were grown in sterilized 
muck soil. removed ind noe ulated when > days old. 


mule k soil 


ints were kept in soil tempera- 


and transplanted into additional sterilized 


After inoculation the p! 


idjacent to fungus culture in agar plate. 

susceptible and 2 resistant seedlings were examined. 
follows: 
infection , hot examined, because of root tip deterioration. 


0 =no infection; x = slight infection: xx moderate in 


ture tanks maintained at 22°C. 


Formol acetic alcohol was used as a fixative. A 
safranin and fast-green combination, as well as Flem- 
ings’ triple stain. was used for staining the fungus in 
the tissue. Roots were cut in serial sections 10 18 
thick. Sectioning of the root continued above the soil 
line and well above the area of penetration of the 
fungus. 

Relative intensity of infection in resistant Red 
Prince and susceptible Scarlet Globe Radish. The re- 
sults of 2 separate studies of seedlings on agar plates 
are given in Table 1. These observations were from 
sections of roots and hypocotyls of both sus¢ eptible 
and resistant plants. There appeared to be the same 
degree of infection in the root tip and in the differ- 
entiating tissues of the roots of both susceptible and 
resistant plants. In the inner cortical area and the 
protoxylem vessels of the region of differentiation. how- 
ever, the resistant plants were less severely infected. 
Resistant plants also showed less invasion of the stele 
and cortical region of the differentiated vascular area 
near the hypocotyl region. 

The extent of fungal penetration in susceptible and 
resistant plants when hand inoculated and planted in 
sterilized soil is shown in Table 2. Symptoms of yel- 
lowing began in susceptible plants about 8 davs after 
Root growth of the 2 varieties was about 


when 


inoculation. 


the same until about 12 days after inoculation, 
that of the susceptible plants was noticeably reduced. 
Secondary root development became increasingly re- 
duced in the susceptible variety as time progressed 
until. in severely infected plants. the production of 
secondary roots ceased and the plant soon died. The 
primary roots were brown and decayed at the tip when 
lifted 


soil it was found practically impossible to remove the 


from the soil. Upon removing plants from the 


entire root tip of the primary root, and the sections in 


variably revealed that the root tip and region of 
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Table 2.—Infection in resistant Red Prince and suscep 
tible Early Scarlet Globe radish, hand-inoculated with 
Fusarium oxysporum f. 
planted to sterilized soil. 


conglutinans race 2 and trans 


Intensity of infection" in: 


Cortex Stele 
Days after Plant Sus- Ses 
ino¢ ulation no. . eptible Resistant ¢ eptible Resistant 

3 l 0 0 0 0 
2 0 0 rf) 0 

) 0 0 0 0 

7 x 0 x 0 
yr 0 0 : 0 

x 0 XX 0 

12 0 0 x 0 
2 x x XXX x 

x 0 x 0 

2 1 0 xx x 

, U U XXX x 

le x U XXX 0 
- x 0 Ps 

, 0 0 XXX 0 

20 l x 0 KXX 0 
- x 0 XXX 0 

, x 0 XXX x 

24 x 0 XX 0 
- xX x XX x 

, 0 X XXX x 


The svmbols used denote the degree ot intection as 
evidenced by the presence of the fungal mycelium in the 
tissues of the root as follows: 0 no infection: x slight 


infection: Xxx moderate infection: xxx severe infection. 


differentiation were missing. Secondary roots were 
found to be more intact, especially in the resistant 
variety, and the root tips and region of differentiation 
were easily observed in these. 

By the ninth day the fungus had advanced into the 
stele of the susceptible variety and was also noted in 
the cortex of the same region (Table 2). The my- 
celium increased in extent and amount in the suscepti- 
ble plants and was easily noted in the stele of the 
primary roots and extending up into the hypocotyl re- 
gion. Although the cortical cells of the root appeared 
not to be infected. even though the vascular area in the 
same region showed the presence of the fungus. they 
were no longer turgid but appeared to be shrinking 
and were difficult to section. They often sloughed off 
prematurely. The resistant plants did not show the 
presence of the fungus in the root until after the ninth 
day. and then only rarely was the fungus observed, and 
always in a low concentration. Secondary root in- 
vasion was not often noted, even in susceptible plants 
Usually only 2 or 3 roots, including the primary root 
of susceptible plants and only the primary roots of 
resistant plants, contained the fungus. 

When seeds were planted directly in infested soil, 
a tew susceptible plants showed symptoms ol the dis- 
ease after 5 days. and several had died before the 
eleventh day (Table 3). The extent of infection of 
the plants in this test was similar to those inoculated 
and transplanted into sterilized soil (Table 2 
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l } Pene- 


Penetration of 2-day-old roots 


Pathological anatomy of the radish roots. 
tration by the fungus. 
of young seedlings grown on agar was very rapid, gen- 
erally within the first 24 hours after contact of the 
roots with the fungus (Table 1). The root tips after 
penetration became dark, and cells became less turgid 
and began to deteriorate within 48 hours. The roots 
grown under these conditions were subject to a very 
concentrated inoculum, and concentration of the fun- 
gus in the root tip was, therefore, generally heavy (Fig. 
1-A). Penetration of the root tips was primarily in- 
tercellular, but upon entrance into the root cap the 
fungus rapidly became intracellular as well as con- 
tinuing te progress intercellularly to the embryonic 
growing point of the root. 

Penetration of the young seedlings was also observed 
to occur both intercellularly and_ intracellularly 
through the epidermal tissue in the region of differen- 
tiation and in the upper areas of the root where the 
protoxylem is very evident. After direct penetration 
into the epidermal cells the fungus often became in- 
tercellular. Penetration through the epidermis oc- 
curred to a lesser degree at the level of the well-differ- 
entiated vascular area (Table 1). Roots that were 
naturally infected or hand inoculated had little my- 
celium in the cortical area of the higher parts of the 
root (Tables 2, 3) and penetration in these areas was 
rare. No penetration of the hypocotyl region was ob- 
served. 

Root hairs were rarely found infected, and in such 
instances they were usually quite flaccid in appearance 
and somewhat shriveled. 

Secondary roots frequently become infected (Fig. 
|-B) as they grow through heavily infected areas of 
the cortical region, or when they protrude into in- 


Table 3.—Infection of resistant Red Prince and suscep 
tible Early Scarlet Globe radish when grown in soil 
infested with Fusarium oxysporum f. conglutinans race 2. 


Intensity of infection® in 
Cortex Stele 


Davs from Plant Sus Sus 


inoculation no. ceptible Resistant ceptible Resistant 
% l x 0 x 0 
2 0 0 0 0 
3 0 x x x 
1] l (0) 0 XXX 0 
2 x 0 xXx 0 
3 x 0 xx 0 
15 l x 0 XXX 0 
2 x 0 XX x 
2 x 0) XXX 0 
18 l x x Xx x 
2 x 0 XXX 0 
3 x 0 XXX 0 
22 ] 0) x xx x 
2 x 0 XXX x 
3 XX 0 XXX x 


The symbols used denote the degree of infection as evi- 
denced by the presence of the fungal mycelium in the 
no infection: x slight 
severe infection. 


tissues of the root, as follows: 0 
infection: xx moderate infection: xxx 
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fested soil. However sections that showed 


severe infection of the primary root. the secondary 
roots were not all infected in tact many of the 
smaller secondary roots were evidently free of my- 


celium. 


The fungus, even when directly penetrating the 
cells, showed no apparent specialized penetrating 
structures, i.e.. appressoria or infection hyphae. Upon 


penetration, the hyphae in comparison to host cells, 
usually appeared to be somewhat smaller in diamete 
than before penetration 

No difference could be detected between susceptible 


and resistant varieties in the init 


al penetration. Plants 
of both varieties. when grown on agar cultures, ap- 
peared to be easily penetrated through the root tip 
region and the epidermis of the region of differentia- 
tion (Table 1) 
areas of the root above the region of differentiation 


Penetration through the epidermal 
was observed to be less in the resistant variety than 
in the SuUSCE ptible variety | Tables 2. 3) There was no 
observed difference in the mode of penetration of the 
2 varieties 

9) Invasion through the cortical region In the 
deepest areas of cortical invasion the fungus was gen- 
erally in an intercellular position, whereas in outer 
regions it was found to be either intercellular or intra- 
cellular. In the studies of the plant roots grown on 
agar. it was found that even though suberized thicken- 
ings may occur on some walls of the cortical cells im 
mediately surrounding the endodermis, these barriers 
failed to keep the fungus from penetrating deeper 

In cortical regions of the root where the secondary 
xvlem ot the vascular system was well formed the in- 
fection of the cortex was seldom observed originating 
from the epidermis. In this region, and in the hypo- 
cotyl region. fungal penetration of the cortical cells 
did occur when the vascular system was severely in- 
fected. It was noted in several instances that the inne 
cortical cells of the hypocotyl! region and the older 
portions of the root became heavily infected with the 
fungus while the outer cells of the cortex showed no 
evidence of fungal penetration through the epidermis. 
In such instances, the mycelium progressed from the 
vascular region into the surrounding cortical layer 
(Fig. 2-A). 


in the area proximal to the stele showing the fungus 


Fig. 2-B is a median longitudinal section 


in the cortical cells 


In the upper cortical region the fungus progressed 
readily between the cells, probably being enhanced by 
the large intercellular spaces between the parenchyma 
cells. However. it was not inhibited from being intra 
cellular and it appeared to be equally intracellular and 
intercellular. As infection of the root became more 
severe the cortex became more highly invaded. and in 


some instances conidial formation was observed on 


mvcelium in these severely diseased areas 


3) Development of the fungus in the vascular re 
gion.— Penetration of the vascular area was mainly via 
the root tip and the cortical tissue of the region of 


differentiation. and infrequently in the area of the 


protoxylem of the upper part of the region of differ 
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entiation. The fungus was observed to traverse through 
the root cap area and into the undifferentiated stele of 
the root, where xylem vessels were penetrated as they 
became differentiated. The penetration of the pro. 
toxylem vessels was also through the newly formed 
endodermis and pericycle (Fig. 2-C). 

From these areas of original penetration the fungus 
moved intracellularly in the xylem vessels and was 
readily observed in upper root areas and the hypocotyl] 
region within 8-9 days (Tables 2. 3). The browning 
of the vascular area indicated the presence of the 
fungus in the hypocotyl and fleshy root areas. The 
fungus was more commonly observed in the xylem 
vessels (Fig. 1-D) but also in the parenchyma sur. 
rounding these cells (Fig. 2-A. B). Some vessels ap. 
peared to be entirely plugged with a heavy concentra. 
tion of mycelium, whereas other cells in the same 
section showed only a few hyphal strands and some 
showed no sign of the fungus whatsoever. The fungus 
appeared to move from cell to cell through the pits in 
the cell walls and between spiral thickenings (Fig, 
2-D). Movement was common from the vessels of the 
xylem into surrounding parenchyma cells and out 
into the cortical region. With severe infection the 
stelar tissue often deteriorated and became difficult to 
section (Fig. 1-C). 

Conidia and chlamydospores were observed in some 
of the vessels, usually in more advanced stages of the 
disease (Fig. 1-E). 

The only differences observed between resistant and 
susceptible varieties in the development of the fungus 
in the vascular system was in the extent and concen- 
tration of the fungus in the stele. The concentration 
of mycelium in the upper region of the roots and 
hypocotyl was greater in the susceptible variety than in 
the resistant variety (Tables 2, 3). 

1) Reaction of the host to the presence of the 
No morphological difference could he de. 
tected between roots of resistant and susceptible 


fungus. 
plants. Upon infection the root cells in some instances 
appeared to show a protoplasmic reaction to the pres 
ence of the fungus. Cells of the epidermis and _ the 
immediately underlying cortex showed plasmolysis and 
sometimes a granular substance not seen in healthy 
tissue. The plasmolysis and granulation were not 
common to all infected cells of these layers and ap- 
peared in both resistant and susceptible plants grown 
and infected on agar plates. There was no apparent 
indication of a shriveling or granulation of mycelium 


within these cells. 


—__—_—_» 


Fig. 1. Pathological anatomy of radish roots infected 
with fusarium: A) Root tip of 3-day-old resistant plant 
showing heavy concentration of intercellular and intracellu- 
lar mycelium. B) Young secondary root showing mvcelial 
penetration. C) Cross section of root of 45-day-old plant 
showing breakdown in cambial region. D) Longitudinal 
section of susceptible root showing network of mycelium in 
1 pitted vessel. E) Longitudinal section of a 30-davy-old 
root showing conidial and chlamydospore production in the 


vessel walls 
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Table 4.—The occurrence of / rium oxysporum ft was often isolated from the root and the lower part of 
conglutinans race Ses VATIOUS PSris OF resistant Red Prince the hypocotyl, and browning of the vascular system 
ane wmceptinte Early Scarlet Globe radish was noted in these areas. Vascular browning was con. 
Sencanbllih ites spicuous in upper stems and leaves of susceptible 
No No plants. The fungus was usually isolated slightly above 
Plant plants plants plants _ plants vascular browning, which was visible to the unaided 
part tested infected tested infected eye. Several free-hand cross sections were made of the 
Rost tip 14 on r =. lower stem areas. and the fungus was noted to be 
rene 9 19 19 present only in the vascular area of the tissues ob. 
Root hypocoty! : 9] 16 l served. . ° 
aa " 19 p Relation of plant age to resistance.—-Snyder and 
“ei aoe x 19 . Bardin (5) reported that radish plants observed in 
Sasi tlens a ‘ . field plantings varied in development in relation to 
Apical meristem ) 17 0 the disease. Many roots reached marketable size. and 
; of this group some showed internal symptoms of the 
Leaf petiole > fet . disease while other plants developed to intermediate 
ar : > ; degrees between the marketable size and little or no 
xs growth of the plant. This would indicate that there 
ede Nites ienesliae tenes the hese of the stem may be a difference in the resistance of plants in re- 


Although normal suberization occurs in the endo- 
dermis and some surrounding cortical cells. this did 
not appear to be effective in stopping the advance of 
the fungus into the stelar region. The fungus became 
intracellular and penetrated these cells that showed 
suberization, particularly on the radial walls. There 
was no indication in either radish variety of a suberi 
zation in response to the stimulation or presence of 
the fungus that would inhibit further fungal penetra- 
tion. Tyloses were observed to occur in the vessels 
of resistant as well as susceptible plants. and whether 
the root was infected or not 

The fungus was observed to penetrate the pro- 
vascular area and also the endodermis in areas of the 
protoxylem and, with concentrated inoculum, into the 
stele in areas where metaxylem formation had taken 
place. No invasion was obse rved in areas above these, 
and the fungus readily moved up the vascular area. 
apparently effectively contained within the region of 
the stele. When the infection became more severe the 
fungus finally penetrated through the pericycle and 
endodermal layers into the cortex. Although mycelium 
was not always found in the cortex when the vascular 
area was heavily infected. a browning of the cortex 
was often noted with no mvcelium be ing present The 
cells were less turgid than normal and consequently 
were difficult to section. Higher sections of the same 
roots in areas where the fungus was not present in the 
vascular system exhibited an apparently healthy corti 
cal layer. 

Extent of fungal penetration in the aboveground 
parts of the plant.—Plants of both resistant and 
susceptible varieties grown in infested soil or sand 
were carefully washed and cut into serial sections that 
were surface-sterilized and plated on agar. Some of 
the plants had developed flower stalks. The fungus 
was isolated from stem parts as well as the apical 
susceptible plants 


meristem area of many of the 


(Table 4). In the few samples taken of leaf tissue it 


was also possible to isolate the organism from leaf 


blades and petioles iF resistant plants the fungus 


spect to age as well as heritable differences in re. 
sistance. 

Three experiments were performed to test the rela- 
tive resistance of plants of varying ages in both the 
resistant and susceptible varieties. In the first study 
5 plantings of seeds were made in soil at 10-day in- 
tervals. At 3 days after the last seeding. the plants 
were lifted with care, and the washed roots were 
dipped into a mycelial suspension of the organism and 
planted into pans containing sand watered with Hoag- 
land’s nutrient solution. The pans were then placed 
in soil temperature tanks where the sand temperature 
was maintained at 22°C. A second experiment was 
run under the same conditions except that seedlings 
were started in sand rather than in soil and seedlings 
were at 9- rather than 10-day intervals. The oldest 
plants in both tests were generally developing seed 
stalks. some over 4 in. long. while the youngest were 
in the cotyledon stage. 3 days old. In the third ex- 
periment. plantings in crocks containing quartz sand 
were made every 6 days tor a total of 6 plantings. 
When the youngest plants were 2 days old. a 40-ml 
solution of a concentrated mycelial suspension was 
poured on the surface of the sand and was then wa- 
tered in with nutrient solution. The survival rates of 
the susceptible variety were about the same in all age 
groups. 

The age of the plant at inoculation had little effect 
on the ultimate amount of infection, and this effect was 
not altered by the method of inoculation. In the first 
experiment the susceptible variety at 22 days after 
inoculation showed 75° and 90° for plants that were 


—_—_—_——» 


Fig. 2. Pathological anatomy of radish roots affected 
with fusarium: A) Longitudinal section of upper root area 
showing mycelium advancing from vascular region into 
cortical tissue. B) Longitudinal section through the cortex, 
proximal to the stele, showing intracellular mycelium that 
originated in the stele. C) Cross section of a 3-day-old 
susceptible root growing on agar and showing mycelium 
within the cells of the endodermis and pericycle. D) Cross 
section of a 16-day-old susceptible root showing mycelium 


penetrating from vessel to vessel 





No 
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Table 5.—The effect of in ilum dosage and inoculation 
radish plants. 


Method Percentage ot 

of Ineculu Resistant 
inoculation dilutior 6 days 8 davs 
Roots-unstroked ( ndiluted 17.9 42.8 
L:] LO 21.4 

| () ) 

l 0 0 

Roots stroked nd 0.0 78.5 
17.9 25.0 

m8) 7.2 

0.0 0.0 


respectively 3 days old and 39 days old at inoculation 
In the second experiment the corresponding values for 
the same age groups were 90 ind 88° The third 
experiment yielded similar results. Resistance of Red 
Prince was expressed quite uniformly at all age 
groups, with the percentage of infected plants ranging 
from 0 to 19, 

Relation of inoculum dosage and method of inocu- 
lation to amount of infection._-In preliminary inocu- 
lations it was noted that heavy concentrations of inocu- 
lum caused a quick and severe disease reaction in both 
susceptible and resistant plants, and that stroking the 
roots by hand before dipping them into the fungal 
suspension increased the severity of the disease rea 
tion in both types ol plants 

Three experiments were performed to clarify the 


effect of inoculum dosage. Plants were inoculated. with 


and without hand-stroking of the roots, with various 
dilutions of an inoculum prepared either from agar 
plates or from liquid media. The data in Table 5 
give the results of an experiment using inoculum pro- 


duced in liquid media where the undiluted inoculum 
consisted of the fungus mats of a dozen 800-ml bottle 
cultures (200 ml in each) homogenized in 150 ml 
water. In susceptible plants there was little effect from 
stroking the roots prior to ineculation. In resistant 
plants, however, stroking the roots markedly increased 
the amount of disease. especially with the undiluted 


1 both 


} 


inoculum. Inoculum dosage was a factor wit! 


types of plants In resistant plants the amount of dis- 


ease after 14 days was much greater with the undiluted 


Table 6.——The occurren f Fusarium vellows in F, proge 
White I icle varieties 


technique on the amount of yellows in resistant and susceptible 


diseased plants of 28 inoculated after interval shown 


plants Susceptible plants 

1] days 14 days 6 days 8 days 11 days 14 days 
16.4 50.0 14.3 67.8 100.0 100.0 
25.0 25.0 3.0 53.6 96.4 100.0 
0 0 0.0 53.6 92.8 100.0 
0 0 3.6 57. 85.6 100.0 
$9.3 89.3 14.3 85.6 100.0 100.0 
25.0 25.0 10.7 78.5 89.3 100.0 
7.2 7.2 7 Be 60.7 96.4 100.0 

14.3 14.3 


3.6 12.8 92.8 96.4 


inoculum than with the diluted inoculum. In suscepti- 
ble plants the undiluted inoculum did not affect the 
ultimate amount of disease with either method of 
inoculation, but where stroked plants were inoculated 
the rate of disease development was markedly  in- 
creased. 

Inheritance of resistance.—Resistant Red Prince 
radish was developed by selection within the Early 
Scarlet Globe variety from plants that had survived 
in a severely affected field (3). To study the in- 
heritance of this resistance, crosses were made with 
susceptible plants of Early Scarlet Globe and White 
Icicle. All resistant plants used in crossing had been 
previously inoculated in the seedling stage. All pol- 
linations were made under controlled conditions, and 
all flowering branches were covered with bags to re- 
duce the chance of contamination by foreign pollen. 
In crosses between resistant and susceptible plants 
and in backcrosses to the susceptible parent all blos- 
soms were emasculated and hand-pollinated. Since 
radish is highly self-infertile, little seed set resulted 
from self pollination. The F, progenies of the resist- 
ant and susceptible crosses were assayed in pan tests, 
with bulk seed of the resistant and susceptible varie- 
ties included as controls. 

The F, progenies varied considerably in amount of 
disease as well as in rate of disease development. 
Crosses with Early Scarlet Globe and White Icicle 
showed very similar reactions. The progenies were 
all distinctly intermediate in disease reaction between 
the 2 parents (Table 6). Some lines showed a rela- 


‘nies from crosses between resistant Red Prince and susceptible 
I 


Percentage of diseased plants at intervals after inoculation 


Progeny Total plants days 10 days 14 davs 17 days 20 days 
l (F;) 83 12 10 19 52 
* {2} { 0 7 $2 17 17 
3 (F,) ) 2 lf 37 68 68 
t (Fy) 28 ( 39 61 64 
> (F 0 | 0) 1] 51 60 
6 (Fy) 4 38 19 56 
7 (Fy) ) 0) 2] tp 1] 
8 (F,) 28 52 >I 64 79 86 
9 (F,) 125 1] 22 ) 38 Hb 
Red Princes l¢ 0 0 0 0 0 


White lcicl | 18 17 


100 100 100 
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tively rapid dying ol diseased plants, whereas others 
showed a relatively slow progression ot disease. Some 
plants died before full development of their first true 
leaves. whereas others showed disease symptoms in 
their true leaves and were, in some instances. still 
alive at the termination of the test. 

Several F, plant selections that apparently remained 
healthy in the screening tests in the greenhouse were 
backcrossed to the susceptible parental lines. The 
progenies from these backcrosses were then tested in 
the greenhouse for indications of the amount of re- 
sistance in the plants. In the F. populations derived 
from the Early Scarlet Globe backcrosses there ap- 
peared to be from 7—30°¢ resistant plants, whereas the 
White Icicle backcross populations were 5-20°) re- 
sistant. Some lines appeared to go down more rapidly 
than others, and several plants in certain lines ap- 
peared only slightly diseased. One line was 30% re- 
sistant and relatively slow in developing disease symp- 
toms. Many of these plants were still alive at 20 days, 
even though showing disease symptoms. 

Discussion.—-The response of resistant Red Prince 
radish to infection by the yellows organism has been 
shown to differ from the susceptible Scarlet Globe 
varietv. This difference in the pathological anatomy 
is in degree rather than kind of infection, and was 
more explicit in histological studies of plants taken 
from soil than in studies of plants grown on agar, 
where disease was more severe. 

Penetration of the 2 varieties occurred in a similar 
manner, and apparently of the same degree. Root tip 
penetration occurred both intracellularly and_ inter- 
cellularly in both varieties. Upon entrance into the 
root tip, the fungus apparently proceeded unhindered 
into the lower region of differentiation, where it no 
doubt was able to penetrate cells of the vascular sys- 
tem as they became differentiated. The fungus in this 
region appeared to be as intracellular as it was inter- 
cellular. It was also able to gain access to the radish 
root by penetrating the epidermis of the region of 
differentiation. Epidermal penetration was both in- 
tracellular and intercellular. the fungus using no spe 
cialized penetrating mechanism to gain entrance. 
After entering the cortical region from the epidermis. 
the more rapid progress was through the intercellular 
pathways. This type of progress was indicated since the 
mycelium observed in areas of the deepest penetra- 
tion was generally intercellular. The mycelium, how- 
ever, can rapidly become intracellular and in this way 
penetrate past the suberized layers often noted in the 
inner cortical region ef many roots and through the 
endodermal layer into the differentiating stele. Pene- 
tration through root hairs was rare. Thus it is be- 
lieved that root hairs are of only minor importance as 
an avenue of fungal entrance. 

Studies indicate that the radish fungus in both 
varieties fails to spread to any extent in the cortical 
areas of the root above the region of differentiation 
after initial penetration through the epidermis. It was 
also observed that penetration of the epidermis in the 


hypocotyl region did not occur and was also rare in 
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the upper root area. The normal cutinization of the 
epidermal cells of the hypocotyl region, plus one or 
more layers of sub-epidermal cells (1) could act as 
a barrier to fungal invasion in this region. 

Penetration studies of plants grown on agar indi 
cated that the fungus could move rapidly through the 
cortical region into the differentiating stele. In some 
instances entrance into the stele was accomplished 
within 2 days of root contact with the fungus. Upon 
entrance into the stele the fungus became principally 
located in vessels ot the xvlem, where it progressed 
upward into regions of well-differentiated xylem tissue. 
It was not limited to the vessels, however, but was ob- 
served in the xylem parenchyma, in the cambial re- 
gion, and in the phloem region. Several instances of 
cambial disorganization and deterioration were ob- 
served in response to the presence of the fungus. This 
was indicated by heavy staining and tearing of cells. 
When the vascular area was severely affected with the 
fungus, mycelium was observed to have progressed 
from the vascular area into the cortical region. It is 
believed that this is the principal cause of the cortical 
deterioration or browning of the upper root and hypo- 
cotyl, rather than a cortical progression of mycelium 
from the root tip area or direct penetration in this 
region from the epidermis. Even when the fungus was 
not evidenced in the cortex, there was still cortical 
deterioration in some roots. This deterioration was a 
loss of turgidity and browning of the cortical region, 
and was observed to occur in several instances when 
the vascular system was heavily infected. Upper sec- 
tions of the same root, when the fungus was not ob- 
served in the vascular region, exhibited a cortex free 
of mycelium. This deterioration of the cortex may be 
a physiological response to the presence of the fungus 
in the vascular system. 

In some instances in plants grown on agar, there 
was a cellular response to the presence of the fungus. 
The epidermal and immediately underlying cortical 
cells showed plasmolysis and sometimes a granulat 
substance not seen in healthy tissue. This response. 
however, was not common to all plants infected, and 
cannot be considered as a resistance reaction. The 
fungus in these cases was not inhibited from further 
penetration, and there was no apparent effect, such as 
granulation. on the penetrating mycelium. There was 
no evidence of suberization of any cells in response to 
the fungus. 

The results suggest that resistance is based on the 
inability of the fungus to develop within the host to an 
extent that can cause severe injury. In some instances 
mycelium was observed in the xylem of the resistant 
variety, but in these cases it was very sparse. Although 
the penetration into the stele can occur, the upper 
areas of the hypocotyl! and stem are somehow re- 
stricted. It appears that the principal resistance to 
Fusarium yellows may be located within the vascular 
tissue. These conclusions are further substantiated 
by the studies of the extent of fungal penetration in 
the aboveground parts of the plant. Culturing specific 
portions of the plant showed that the fungus was able 








to traverse nearly the whole extent of the susceptible 
radish plant. It was isolated from leaves, upper parts 
of the stem. and the apical meristem of several plants 
The fungus rarely traversed higher than the upper 
root or lower part of the | ypocotyl of resistant plants 
Browning of the vascular system appears to be a re 
sult of the presence of the fungus. since the fungus 
was isolated in the areas of principal browning 
Different concentrations of inoculum were shown to 
have a marked effect on the development and severity 
of the disease. More dilute suspensions provided a 


good differential between the 2 varieties, whereas the 
more concentrated suspensions tended to produce dis- 
ease symptoms in the resistant as well as the suscepti 
ble variety. The symptoms produced by these heavy 
concentrations differed somewhat from the normal dis- 
Plants that showed severe atypical 


Strok- 


ease symptoms. 


symptoms usually failed to develop any further 


ing roots of seedlings prior to dipping them in inocu- 
lum resulted in little change in disease reaction in the 
more dilute concentrations. but distinct increases in 
severity in higher concentrations Winstead and 


Walker (6). studying toxic metabolites in relation to 


Fusarium resistance. showed that replacement filtrates 
from the radish wilt organism would cause symptoms 
similar to those of infected plants They suggested 


that the organism produced metabolites that have a 
specific effect on susceptible varieties and in some way 
may aid establishment of the pathogen. This toxic re- 
action may be the partial cause of the atypical symp 
toms produced early in plants by concentrated my 
Wounding the roots by stroking 


iccentuate the toxin effect in 


celial suspensions 
may make possible o1 
resistant plants. 
Studies of crosses between selected plants of re- 
sistant Red Prince and plants of susceptible Early 
Scarlet Globe and White Icicle varieties indicate that 
the resistance of Red Prince is governed by modifving 
factors and that these factors are cumulative in effect. 
The F, progenies ot the resistant sust eptible crosses 
showed considerable variation in the degree ot resist- 
ance, In the crosses with Early Si arlet Globe the re 
sistance of the F, progenies was generally above 50% 


whereas those with White Icicle showed a= slightly 
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lower level of resistance. If resistance were controlled 
by several factors, the level of resistance would be 
substantially lower in the F, than in the resistant 
parent. This was the case. Studies with backcrosses 
of F, plants to the susceptible parents showed a con. 
siderable drop in resistance from that expressed in the 
F, progenies. Early Scarlet Globe backcross progenies 
showed 7-200 resistance. and White Icicle backeross 
progenies showed 5-20 resistance. Selfed progenies 
from F, plants of the Early Scarlet Globe susceptible 
and resistant crosses also showed a low percentage of 
resistant plants. F. and backcross progenies from 
these crosses showing a resistance level of around 15% 
would indicate a polygenic inheritance. 

Che variation in resistance in F; and F. progenies 
can be explained on the basis of segregation of factors, 
Resistance in the F,; and F. generations was greater in 
the Early Scarlet Globe crosses than in the White 
Icicle crosses. This can be explained by the presence 
of a smaller number of factors for resistance in Early 
Scarlet Globe. In testing for resistance, it is noted 
that Early Searlet Globe varied in the development of 
the disease and showed slightly more resistance than 
White Icicle. 

Although Red Prince appeared to be highly re. 
sistant, a few plants became diseased in the progenies 
of selfed plants. It is believed that the resistant variety 
is not completely homozygous in factors responsible 
Department of Plant Pathology, Uni- 
versity of Wisconsin, Madison. 


for resistance. 
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SUMMARY 


Tetrin is a new antifungal agent produced by a 
Streptomyces sp., Ul. No, 155-2. The antibiotic is a 
polyene with 4 unsaturated conjugated double bonds, 
fluoresces under ultraviolet light, and has absorption 
maxima at 290, 305, 319 my in aqueous solutions. It 
can be differentiated from other tetraenes by various 
characteristics, including solubility in solvents, move- 
ment on paper chromatograms, stability to pH, bio- 
logical activity, and other criteria. The crystalline 
antibiotic sinters but does not melt even at 360°C and 
has an empirical formula of Cg,;,H;9O,.N. The crude 
antibiotic is soluble in water, methanol, ethanol, di- 
methyl formamide, pyridine, and methyl cellosolve; 
it is inseluble in aliphatic, and aromatic hydrocarbons 
as well as acetone and ether. Tetrin is stable at neutral 
and alkali pH, but loses activity under acid conditions. 
One hour at 100°C caused no loss in activity. 





Though many antifungal antibiotics have been syn- 
thesized by microorganisms, relatively few of them 
have found wide use for plant protection against micro- 
bial diseases. This situation is in marked contrast to 
the intensive application of antibacterial antibiotics in 
human and animal therapy. Such a paucity of anti- 
biotics for combating fungal diseases is probably cor- 
related with the relatively few materials studied for 
this purpose. Intensive investigations are needed to 
unearth new antibiotics as well as to determine the 
usefulness of those already described. Because many 
surface protectants are available for plant disease con- 
trol, needs are for substances that can be translocated 
in plants and are systemically active. Tetrin, found in 
such a program, appears not easily translocated, but 
it is relatively nontoxic to plants, and might be effec- 
tive in plant disease control. 

Materials and methods.——Streptomyces sp. isolations 
were made from soil (collected at Felton, California) 
suspended in Petri plates. Initial dilutions were made 
in distilled water and final dilutions in Emerson’s agar 
(distilled water. 1000 ml: yeast extract, 1.0 g; beef 
extract, 4.0 g: 
2.5 g: cerelose. 10.0 g; agar. 20 g). 


Bacto-peptone. 4.0 g; sodium chloride, 
Preliminary anti- 
biotic activity determinations were made on the same 
medium by the conventional method of streaking the 
streptomycete on an agar plate, allowing it to incubate 
10 davs at 26° ¢ 
organisms perpendicular to the original streak. Syn- 


and then counter-streaking the test 


thesis of the antibiotic in various liquid media was 
studied on a reciprocal shaker with a 4-in. stroke and 
110 strokes per minute. A common inoculum for use 


in all of the different media in a single experiment was 


made by adding sterile water to a slant of the strepto- 
mycete, rubbing the spores off the mycelium, and in- 
oculating with the suspension a flask of Emerson’s 
medium. Incubation on the shaker for 2 days pro- 
duced enough mycelium to inoculate the various media. 
Shake flask studies on the synthesis of tetrin were 
later carried on in a similar manner. 

Assay plates were prepared by putting a base layer 
of 20 ml of tryptocase soybean agar into Petri plates; 
after it had hardened, 6 ml of the same agar con- 
taining 4° of a Penicillium oxalicum spore suspension 
were poured on the base layer. Spore suspensions were 
prepared by growing the fungus on test tube agar 
slants (V8 juice, 200 ml; calcium carbonate, 3 g; 
agar, 20 g: distilled water, 800 ml) for seven days; 
5 ml of a 0.01% aqueous solution of Vatsol was added 
to each tube, and the surface of the culture was gently 
rubbed with a nichrome transfer loop. This suspension 
was diluted with sterile distilled water until 50% light 
transmission was obtained when measured at 530 mp 
in a Lumetron Colorimeter. Similar plates were pre- 
pared with Microsporum canis, Fusarium oxysporum 
Schlecht., F. lycopersici, Trichophyton interdigitale, 
Glomerella cingulata, and JV erticillium sp. Schleicher 
and Schull 13-mm discs were placed on the agar, and 
0.08 ml of solution was pipetted on the discs. The 
plates were incubated for 24 hr, and the zone of in- 
hibition was measured. Antibiotic potency of culture 
fluid or of the various extracts and solid preparations 
of the antibiotic was based on a dilution unit. The 
unit is defined as the greatest dilution in ml of 1 ml 
of a preparation in Czapek’s agar (sucrose, 30.0 g; 
sodium nitrate, 2.0 g; potassium dibasicphosphate, 
1.0 g; potassium chloride, 0.5 g; magnesium sulfate, 
0.5 g: ferrous sulfate, 0.01 g; distilled water, 1000 ml) 
that would inhibit the growth of P. oxalicum for 72 hr 
when a suspension of spores of 50°) transmission was 
streaked on the surface of a slant containing the anti- 
biotic. Tetrin Preparation V was used as a standard, 
and its innate potency was determined by incorpo- 
rating various concentrations in Czapek’s agar at incre- 
ments of 1 pg/ml. Growth was inhibited at a mini- 
mum of 20 pg/ml. The standard preparation thus 
contained 50 dil. units per mg. Antibiotic potencies 
of other preparations were determined by using con- 
centrations from 62 to 1000 pg/ml of Tetrin Prepara- 
tion V as a basis for concentration-inhibition zone 
standard curve. The diameter of inhibition zone was 
plotted as a function of concentration. Inhibition zone 
diameters that were produced by the unknown were 
interpolated on the standard curve and their respec- 
tive potencies expressed in dilution units. 

Ultraviolet absorption studies were made on either 
a Beckman DI 


Paper chromatograms were made by applying solu- 


or Cary Recording Spectrophotomer. 


tions of the antibiotic in 0.01 ml portions to sheets of 
Whatman No. 1 filter paper cut to 14 x 21 in. The 
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Table # Inhibition of microorganisms by Streptomycete 


Ill. No. 155-2 


Distance (mm) 
of linear inhibi 


Microorganisms tion trom streak 


Aspergillus niger van Tiegh 17 
Fusarium lycopersici (Brushi) Wollenw 16 
Glomerella cingulata (Stones Spauld 

& Schrenk 25 
Vicrosporum canis Bodin a) 


Penicillium oxalicum Currie & Tho iv 
Trichophyton interdigitale Priest 18 
Verticillium sp l 

Candida albicans (Robin) Berk} 


Mycoderma cereviseae Desm ] 
Saccharomyces cerevi eae Meven eX Hansen 1S 
Saccharomyces globosus Oster 13 
Saccharomyce § pastor j H il 12 
Torula sp. 17 
Zygosaccharomyces priorani Klov 14 
Alcalizenes faecalis Castell. & Chalmers () 
Bacillus cereus Frankland & Frankland 0) 
Klebsiella capsulate (Sternbers Bergev et a 0 
Micrococcus aureus Zop! (0) 
Mycobacterium tuberculo H07 Zoy 0 
Pseudomonas aeruginosa (Schroet Micula () 
Sarcina lutea Schoet 0 
spots were allowed to dry etween each application, 


and total quantity varied with the antibiotic activity 
of the sample. The ascending solvent flow system was 


used, and further treatment was carried out as de 


scribed by Ammann et al (1 The solvent systems 
were: 1) water-saturated butanol: 2) n-butanol—acetic- 
acid—water (2:1:2); 3 butanol—pyridine—watet 
(1:0.6:1; 4) 3°66 ammonium chloride: V0 aque 
ous acetone; 6) benzene—acetic-acid—water (2:2:1): 
7) n-butanol—-methanol—water (2:2:1): 8) benzene 
methanol-water (1:1:2 9) 70 propanol: 10) n 
butanol-ethanol-water (5:1:4 P.-oxalicum-seeded 
trays were used to detect the position of the antibiotic 
on the paper, and UV lamps located it by the fluo 
rescence due to the conjugated unsaturated bonds 
Attempts at extraction and purification utilized stand 
ard chemical methods such as differential-solubility 
fractional-precipitation wit solvents: alumina 
carbon, and magnesium carbonate absorbants: ioni 
and cationic resins; and elution from paper chromato 
gyrams, 

All experiments involving plants were done in the 
greenhouse. Plants (Bonny Best tomatoes. Detroit 
Dark Red beets, Crimson Giant radish. Early Green 
Sprouting broccoli. Hawkeve sovbean. Black Seeded 
Simpson lettuce, Allbig sweet pepper, Southport 
Yellow Globe onion. Florida Market eggplant, Wis- 
consin Early Sweet garden pea. Hales Best No. 36 
muskmelon, and Burpee’s Stringless Green Pod beans 
were grown in sterile soil in 4-in. pots. For toxicity 


and protection studies, 4-week-old plants (3 to a pot 
with 3 replicate pots) were sprayed with an aqueous 
solution of tetrin by a deVilbiss hand spraver until 
the leaves were completely wetted. Control plants 


were sprayed with water loxicitvy readings were 


made for 3 weeks following spray application. Studies 


of the effect of the antibiotic on seed germination were 
made by placing the seeds into Petri plates on filter 
paper that had been saturated with the antibiotic and 
covering them with a similarly treated paper. Anti- 
biotic solutions were added as needed to keep free 
solution in the Petri plate at all times. In other ex. 
periments the seeds were soaked for 3 hours in solu- 
tions of tetrin and then allowed to drain on filter 
paper before being placed in Petri plates containing 
filter papers saturated with distilled water. Five repli- 
cated plates were used for germination studies. and 
per cent of germination was recorded each day for 6 
days. Systemic toxicity was determined on 2-month-old 
Bonny Best tomato plants that had been removed from 
pots, the soil washed from the roots, and then placed 
in solutions of antibiotic of 1000 pg/ml or in water. 
Final observations were made after 1 week. 

The translocation of tetrin was studied with 3. pro- 
cedures: A) One leaf of cucumber plant was immersed 
in a vial containing 500 pg of antibiotic per ml. After 
> days the antibiotic concentration in plant parts above 
and below the leaf was assayed by squeezing out the 
juice with a garlie press. B) Bean plants with the 
trifoliate leaves emerged were washed free of. soil 
and the roots immersed in solutions of various tetrin 
concentrations for 2 days. The crowns of the plants 
were then cut off well above the solution, frozen at 

10°C. and thawed. and the juices were extracted with 
a press for assay. C) Pads of cheesecloth soaked in 
antibiotic solutions were used to completely wet lower 
leaves of plants with two such treatments 24 hr apart. 
Water was used as the control treatments. and tripli- 
cates of 3 plant sets were used for all treatments. 
\ssays were made using plant juices that were ob- 
tained as described above. 

Plant protection studies on asparagus rust were 
made by spraying Martha Washington plants with 
tetrin solutions of 0, 500, and 1000 png ‘ml. The young 
branches and cladophylls were then dusted with 
urediospores of Puccinia asparagi in a 1:20 uredio- 
spore-tale mixture. The plants were kept 24 hr in a 
humidity chamber and placed on the greenhouse 
bench. Infection counts were made at the end of 15 
days. 

Results.—-Production and isolation of the antibiotic. 

fetrin, an antifungal antibiotic having four un- 
saturated conjugate double bonds, was isolated from 
the liquid growth medium of a Streptomyces sp.. Ul. 


5-2 (isolated from soil collected at Felton. Cali- 


LS - 4 
fornia). This organism was chosen for streak-plate 
criteria because of its ability to inhibit the growth of 
various yeasts and mycelial fungi (Table 1). Neither 
the streptomycete nor the antibiotic derived from its 
culture inhibited any of the bacteria tested. Streak- 
plate activity occurred on a modified Emerson’s me- 
dium but this medium was not used by the strepto- 
mycete for synthesis of the antibiotic in liquid shake 
culture. Of the many shake-culture media tried, tetrin 
was synthesized only in Abbot-Complex medium (dis- 
tilled water, 100 ml; brown sugar, 10.0 g; lactose, 


9.0 g: dextrin 151, 5.0 g: yeast 2019, 2.0 g: curbay 
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Table 2.—<Antibiotic production by Streptomycete Ill. 
39- 


2 in liquid media. 


F 


Diameter (mm) 
of inhibition 


Fungi zones 
Vicrosporum canis Bodin 28 
Fusarium lycopersici (Brushi) Wollenw. 23 
Trichophyton interdigitale Priestley 28 
Penicillium oxalicum Currie and Thom 27 
Glomerella cingulata (Stonem. ‘ Spauld. and 

Schrenk 30) 
Verticillium sp 27 

Assay on Tryptocase-Soy agar plates seeded with the 

fungus. 


B.G.. 2.0 g: B-Y fermentation solubles, 5.0 g: am- 
monium nitrate, 2.0 g: corn steep liquor, 2.0 ml; 
calcium carbonate, 4.0 g; sodium chloride. 5.0 g; 
glycerol, 5.0 ml; adjust pH to 7.0) and Kelner-Morton 
medium (distilled water 1000 ml: bactopeptone, 5 g: 
glucose, 10 g: molasses (Brer Rabbit Green Label), 
20 ml; FeSO,.7H.O, 0.01 g: adjust pH to 7.0). All 


antifungal inhibition observed on streak plates also 


occurred when the culture medium was tested on 
assay plates, each containing a different test fungus 
(Table 2) r. 
tinely for all subsequent studies. 

The antibiotic was stable to alkali for 24 hr at pH 
ll in the culture medium in which it was produced, 
but it lost 76‘ 
pH 2.0 for that period. 
heat. and even after 60 min. at LOO°C 
Autoclaving at 121°C for 15 


oxalicum assay plates were used rou- 


of the original activity when kept at 
Tetrin was fairly stable to 


"74 
retained 78% 


of its original activity. 


min. resulted in a 50° loss. Filtration through a 


Seitz filter resulted in a 25° loss. 
through a sintered glass UF filter reduced activity only 


]3¢ 


Early recognition of the polyenic nature of the anti- 


whereas passage 


resulted from a study of the ultraviolet absorp- 
That it contained 4 con- 


biotic 
tion spectrum of the brew. 
jugated double bonds was obvious from the position 
of the three UV absorption maxima obtained (Fig. 1). 
The name “tetrin™ was chosen because of the presence 
of 4 double bonds. 

The best extractant for 
Kelner and Morton shake flask culture was n-butanol. 


One-half volume of solvent to one of medium removed 


removing the tetrin trom 


all but a trace of the antibiotic as detected on assay 
plate tests. and a second treatment at 4, volume com- 
pleted the extraction. Attempts at extraction failed 
with chloroform, ether, benzene, petroleum ether, and 
ethyl acetate. The active principle in the medium was 
absorbed by activated carbon, Darco G-60, and Nuchat 
C-115. but elution of the antibiotic was unsuccessful 
acetone, 


with methanol, 70° methanol. acetone, 80% 


0.1\ sodium hydroxide, 0.1V hydrochloric acid, and 


0.1\) methanolic hydrochloric acid. Other agents 
that did not remove tetrin were hexane. ether, 
n-propanol, benzene, low-boiling petroleum ether, 


hydroxide, and methyl 
eluted 22% of 


Nuchar but not 


0.1) methanolic 
isobutvl ketone. 


potassium 
Dimethylformamide 
from. the 


the absorbed antibiotic 


rETRIN, 
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from the Darco carbon: methylcellosolve and 
pyridine, on the other hand, removed it from both 
absorbants. Ethanol was also somewhat effective. Suc- 
cessive treatments of the carbons with ethanol followed 
by methylcellosolve removed 65—-90°% of the absorbed 
antibidtics in “batch” treatments. The ion exchange 
resin IR-120 also removes tetrin from solution; elution 
with 10% 


biotic that was removed from the shake culture fluid. 


sodium chloride releases 20% of the anti- 


The best antibiotic preparations were obtained by 
inoculating an aqueous spore suspension of Strepto- 
myces 115-2 into 100 ml Kelner and Morton media in 
500-ml Erlenmeyer flasks and incubating 2 days in 
shake culture to produce inoculum. Three ml of this 
inoculum was used as “seed” to inoculate other flasks. 
After 6 days on the shaker, the cultures were harvested 
and the mycelium separated from the culture fluid by 
centrifugation in a basket centrifuge. Twenty L of 
the medium was extracted with 22 L of n-butanol. 
The solvent was evaporated in a rotary evaporator 
under reduced pressure at 44°C. Ethanol was added 
to dissolve the antibiotic from the residue, and 4 
volumes of ethyl ether were added to the alcoholic 
solution to precipitate the antibiotic. The precipitate 
was dissolved in cold water and freeze-dried. The 
vield, 20.73 g of a light-tan flocculant powder, con- 
tained 41.5 dilution units per mg. 

Properties of the compound. 


K. L. Rinehart. Jr.. and Mr. V. F. 


Studies by Prof. 


German, Department 
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of Chemistry and Chemical Engineering, University 
of Illinois, resulted in further purification of the 
active material. Craig counter-current separations and 
subsequent precipitations of the active fractions gave 
a crystalline compound that sinters but does not melt 
even at 360°C. Elemental analysis showed the presence 
of only carbon, hydrogen, oxygen, and nitrogen. From 
the percentage of these elements in the antibiotic, 
a tentative empirical formula was calculated as C,,- 


Hy, N. 


chemical properties of tetrin are under way 


Further investigations on the structure and 


Tetrin is one of the few water-soluble polyenes It 
also dissolves in methanol. pyridine, sodium hydroxide. 
hydrochloric acid, methyl! cellosolve, and diformamide. 
Macroscopi 


and is slightly soluble in chloroform. 


quantities are insoluble in hexane, benzene, acetone 
low-boiling petroleum ether. ethyl ether, and meth- 
ylisobutylketone. In aqueous solution, tetrin was en- 
6 hr at pH 2.0, but showed no 


decrease in activity during the same period at pH 6.5 


tirely inactivated it 


or 12. Aqueous solutions lose some activity even when 


stored at low temperatures; concentrations of 250 and 
500 pe ml lost 20° 


The antibiotic reacts with concentrated sulfuric acid 


activity in three months at 1”¢ 
to produce a blue color that is characteristic of many 
polyenes. 

The ultraviolet absorption spectrum of tetrin is 
characterized by the presence of three peaks with 
maxima at 290, 305. and 319 my and a shoulder at 
280 my (Fig. 1). The antibiotic fluoresces when ex- 
posed to ultraviolet light, and paper chromatographi 
studies show that this property is associated with the 
antibiotic spot Rr. 

The Rr values for the movement of substances on 
paper chromatograms can never be stated in precise 
terms unless experimental conditions are closely con 
trolled. They vary with temperature, degree of satura 
tion of environment of the paper, and many other 
factors. This close control was not possible in these 
experiments. Nevertheless, Rr values can be applied 
to the differentiation of chemicals when they are run 


When 


used in this manner, paper chromatography was of 


at the same time and under identical conditions 


value in differentiating tetrin from some of the other 
polyenes. The ranges of Re for tetrin in various sol 
vent systems for 3-6 different experiments are given 
Water-saturated (0.15-0.22 ) n 


butanol-acetic-acid—wate! n-butanol—pyri 


n-butanol 


0.68—0.77 ) 


below. 


dine—water (0.64—0.75). 3 immonium chloride (0.5 
0.69). 50° acetone (0.82—0.90). benzene—acetic-acid 
water (0.00). n-butanol—-methanol—water (0.64). ben 
zene-ethanol-water (0.00), 70°) propanol (0.65-0.69) 


n-butanol—ethanol-water (0.38—0.55) 


Comparison to determine its individuality—The lit 
erature was surveyed to determine whether tetrin had 
been known previously. No compounds with identical 


characteristics could be found Whenever possible 


authentic samples of the other tetraenes were obtained 
and compared to tetrin on the basis of paper chroma 
tographic behavior, biological activity, and other prop 


erties. 


circles, one laver flat bottomed 
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That amphotericin A (6, 13) was not identical with 
tetrin was indicated by the following facts. Ampho. 
tericin A is only one-third as active against Crypto. 
coccus neoformans as against Microsporium canis, 
fetrin, on the other hand, was one-seventh as active 
on M. canis as on C. neoformans, Amphotericin A was 
inactivated by alkali, whereas tetrin was stable. Fur. 
thermore on paper chromatograms mixtures of these 
antibiotics separate completely in solvent systems 1, 
2, and 4. Antimycoin (11) was ruled out because, 
{spergillus niger 
was less than one-twentieth of that of tetrin. Its spot 


in agar plates, its activity against 


of biological activity on chromatograms did not flu- 
oresce. Chromin (15) was separated because it was 
insoluble in water and the lower alcohols that dis. 
solved tetrin and because of its lability in alkali, 


2) was not similar. for it inhibited bac- 


Mycomycin | 
teria as well as fungi whereas tetrin is restricted to 
antifungal activity. The solubility properties as well 
as its marked instability, with explosive decomposition, 
rules out any identity between these two antibiotics, 
Nystatin (4, 7) is also distinct from tetrin by its in- 
solubility in water and the slight solubility of the new 
antibiotic in these agents. Furthermore. mixtures of 
these antibiotics were separated on paper chromato- 
grams with solvent systems 1, 2. and 3. Antibiotic PA 
166 (5, 8) was readily differentiated from tetrin by 
its insolubility in water. Identity of tetrin with rimo- 
cidin (3, 16) was ruled out by the separation of the 
2 materials on paper chromatograms using solvent 
system 4. Tetrin proved to be different from pimaricin 
(14) on the basis of water insolubility as well as its 
activity. The concentration 


biological required to 


inhibit Trichophyton interdigitalis was 25-100 times 
as great as that required to inhibit most other fungi 
This marked resistance to the fungus did not oceur 
with tetrin. 

Protocidin (12) was shown to be different from 
tetrin on the basis of Re values on paper chromato- 
grams in solvent 1: furthermore. protocidin produced 
a brown coloration when treated with concentrated 
sulfuric acid, whereas tetrin formed a blue coloration 
Crystalline protocidin is reported to melt at 120-121 °¢ 
(12), whereas tetrin begins to sinter only at 150°¢ 
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Table 3.—-Concentration of tetrin required to inhibit 
growth of fungi in Czapek’s agar dilution plates. 


Concentration 
(dilution units 


Organism per ml) 
Candida albicans (Robin) Berkh. 10.0 
Saccharomyces cereviseae Meyen ex Hansen 25 
Cryptococcus neoformans | Sanfel.) Vuill. 0.6 
Vicrosporum canis Bodin 1.1 
Fusarium lycopersici (Brushi) Wollenw. 2.5 
Trichophyton interdigitale Priestley 0.6 
Penicillium oxalicum Currie & Thom 1. 
Aspergillus niger van Tiegh. 1.1 
Ceratostomella ulmi Buism. 0.6 
Penicillium chrysogenum Thom 0.6 
Aspergillus fumigatus Fresen. 1.1 


and melted with decomposition at 160°C. Sistomycosin 
(9) could not be confused with tetrin because the 
former is labile whereas the latter is stable. When 
treated with concentrated sulfuric acid, sistomycosin 
produces a red to brown color, whereas tetrin produces 
the typical blue color of many polyenes. Furthermore, 
sistomveosin had a 0.5 Rr more than tetrin in 3 solvent 
systems. Tetrin could not be confused with Tennecitin 
because when the two antibiotics were put on paper- 
grams and developed in a butanol-ethanol—water (5:1: 
1) solvent system, tetrin always had a slightly greater 
Rr, i.e.. respectively .53 and .41. Tennecitin is a yellow 
amorphous powder, whereas tetrin is white. 

Assay procedures.— Dilution assays are more sensi- 
tive than diffusion zone inhibition methods. Various 
dilutions of the antibiotic in Czapek’s agar were tubed 
as slants. allowed to stand overnight, and inoculated 
with spores of P. oxalicum. Preparation 5, used as a 
standard. inhibited the growth of the fungus for three 
days at 20 pg/ml but not at 19 pg/ml. One mg of 
preparations therefore contains 20 dilution units. 

The potencies of all other preparations of antibiotic 
were determined by assaying them on the basis of the 
standard preparation by the agar plate seeded inhibi- 
tion zone technique. The following method resulted 
in the most sensitive assay. P. oxalicum was grown on 
V-8 agar (distilled water, 800 ml; V-8 Juice (Camp- 
bell Soup Co.), 200 ml; calcium carbonate, 3.0 g; 
bacto agar. 20 g) slants to obtain inoculum for the 
assay plates. Spores were removed after 7-10 days by 
adding a 1:10,000 solution of vatsol in distilled water 
to the slant and rubbing the surface colony lightly 
with a glass rod. The density of the spore suspension 
was adjusted to 50° light transmission; trypticase-soy 
agar was the medium for the seeded assay plates. Four 
ml of spore suspension were added to 100 ml of this 
medium and kept at 45°C after sterilization, Five ml 
of the seeded agar was placed on the bottom of each 
“flat bottomed” Petri plate. To obtain a standard 
reference curve. suitable aqueous dilutions of the anti- 
biotic were prepared to give concentrations from 125 
to 1000 ug/ml. Schleicher and Schuell 13-mm assay 
dises were placed on the seeded agar, and 0.08 ml of 
the solution was added to the disc. Zones of inhibition 
were read after 18 hrs. Various dilutions of the cul- 
ture fluids or different “preps” were placed on similar 
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discs, and the antibiotic activity was determined in 
dilution units based on the standard prep. Plotting 
the concentration on a logarithmetic scale and ring 
size on an arithmetic scale resulted in a straight-line 
graph (Fig. 2). 

Tetrin is a broad-spectrum antifungal agent. It pre- 
vented growth of all the fungi tested, but of none of 
the bacteria. Eleven fungi with which quantitative 
studies were made using semi-crystalline preparation 
(50 dilution units per mg), were inhibited at con- 
centrations between 0.6 and 10 dilution units per ml 
(Table 3). The fungi used were plant pathogens, 
animal pathogens, and saprophytes. 

Description of culture.—TIsolate Ill. 155-2 is a typical 
member of the genus Streptomyces, with a substrate 
mycelium and aerial hyphae. It has spiral sporophores 
and would thus belong in section spira according to 
Pridham’s classification (10). The gray color of its 
sporulating hyphae on many agar media further limits 
it to one of the organisms in the gray series. No spe- 
cific epithet has yet been assigned to the isolate. De- 
tailed characterization on various media follows: Plain 
gelatin——colorless vegetative growth, no aerial growth, 
complete liquefaction. Nutrient  gelatin—colorless 
vegetative growth, trace white aerial growth, complete 
liquefaction. Tryptone broth—trace colorless vegeta- 
tive ring at surface, flocculent at base, very slight 
trace white aerial growth. Litmus milk—colorless 
vegetative ring, trace pink aerial growth, no change. 
Nutrient nitrate broth—trace colorless ring at surface, 
flocculent at base, trace white aerial growth, no reduc- 
tion. Synthetic nitrate broth—compact vegetative 
growth at base, no reduction. Calcium malate agar— 
colorless vegetative growth, gray white aerial growth. 
Glucose asparagine agar—colorless vegetative growth. 
Peptone iron agar—colorless vegetative growth, no 
H.S darkening. 0.1% tyrosine agar—pink-tan vegeta- 
tive growth, gray aerial growth, pink tan pigment. 
Maltose tryptone agar—cream vegetative growth, pale 
gray aerial growth. Casein starch agar colorless 
vegetative growth, pale gray aerial growth, starch- 
hydrolyzed. Nutrient starch agar—colorless vegetative 
growth, pale gray aerial growth, starch-hydrolyzed. 


Table 4.—Carbon assimilation pattern of Streptomyces 
Il. 155-2. 


Positive Negative 
(slight (slight 
Positive growth) growth) Negative 

p-xylose L-arabinose dulcitol phenol 
rhamnose p-fructose salicin cresol 
p-galactose D-mannose Na formate Na _ salicylate 
p-glucose dextrin Na oxalate 
maltose p-sorbitol Na tartrate 
sucrose Na acetate 
lactose Na citrate 


cellobiose Na succinate 
raffinose 

inulin 

soluble starch 

glycerol 

p-mannitol 

DL-inositol 
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Skim milk agar--yellow vegetative growth, partial 
hydrolysis. Bennett's aga ood growth, gray aerial 
growth. Czapek’s sucrose igal good growth at 18 
and 24°, fair at 28 none at 37 colorless vegetative 
growth, gray aerial crowt 

Plant studies. Tetrin is not toxic to tomato. beet 
pea, radish, broccoli, and soybean plants when sprayed 
with concentrations of 250-1000 ye/ml. On sovbean. 
even 2000 ng/ml produced no abnormal effects. These 
concentrations did not in it the germination of pep- 


per. broe oli. onion, or eggplant. Germination of radish 


and lettuce was reduced bout io in one test, but not 


at all in subsequent experiments 

Translocation of the antibiotic could not be detected 
in the juice from cucumber or tomato plants treated 
with tetrin by immersing one of the leaves in a solution 
of 500 ng/ml and then analyzing the other plant parts 
When bean roots were placed in solutions of tetrin 


could he 
parts by the dise assay 


no antibiotic detected in the upper plant 


Nevertheless. some _ toxi 


effect was observed in the curling and drying of the 
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A reliable method was deve 
genicity of Streptom) 


loped for testing patho 
es isolates on sweet potato This 
consisted essentially of dipping fresh, small roots in a 
suspension of the organism. embedding them in mois 
tened vermiculite. and incubating 5—7 days at 32°¢ 
A positive correlation was shown between the number 
of layers of non-nucleated periderm and the resistance 
} 


of sweet potato to the soil rot organism. Streptomyces 
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tips of the secondary leaves at concentrations of 1000 
and 2000 yg/ml. 


of movement of the antibiotic in the plant. Movement 


This symptom could be indicative 


of tetrin into the leaf from its surface was observed 
only at high antibiotic concentrations. Leaves of beans 
to which the antibiotic had been applied for 2 con- 
secutive days had no antibiotic in the expressed juice 
at treatment levels of 250-1000 pg/ml. After treat. 
ment with 2000 ng/ml, however, 11 dilution units per 
ml of juice was found in the treated leaves, but none 
in any other of the plant parts. 

Instead. it 
Treatments of 0, 


letrin did not control asparagus rust. 
appeared to stimulate the disease. 
900, and 1000 pg/ml respectively resulted in 11, 25, 
16 sori. Another experiment confirmed these results, 
Cercospora sojina was controlled on soybean, though 
results were erratic. The 250 and 2000 pe ml treat- 
ments reduced infection 16° > whereas the 500 and 
1000 pg/ml levels respectively reduced infection 40 


and 44%. 


of Illinois, Urbana. 


Department of Plant Pathology, University 


URE CITED 


9. Parke, Davis and Company. 1952. Sistomycin. Aus 
tralian Patent Specification 8824. 1952. 

10 Pridham, T. a W. Hesseltine, and R. (,. Bene- 
dict. 1958. A guide for the classification of streptomycetes 
wcording to selected groups. Appl. Microbiol. 6:52-79. 

ll. Raubitscheck, F., R. F. Acker, and S. A. Waksman. 
1952. \ fungicidin-type antibiotic produced by 
tomyces aureus. Antibiotics & Chemotherapy 2:179-183. 

12. Sakamoto, J. M. J. 1957. Etude sur antibiotique 
antifongique. I. La protocidine, un nouvel antibiotique 
Antibiotics (Japan) 


Strep- 


produit par les streptomycetes. J. 
10A 2128-131. 

13. Sternberg, B. A., W. P. Jambor, and L. O. Suydon. 
1955-1956. Amphotericins A and B: two new antifungal 
intibiotics possessing high activity against deep-seated and 
superficial mycoses. Antibiotics Ann., p. 574-578. 

14. Struyk, A. P., I. Hoette, G. Drost, J. M. Waisvisz, T. 
van Eek, and J. C. Hoogerheide. 1957-1958. Pimaricin, a 
new antifungal antibiotic. Antibiotics Ann., p. 878-885. 

15. Wakaki, S., S. Akanabe, K. Hamada, and T. Asahini. 
1952. Antifungal substances produced by Actinomyces. 
Antibiotic from strain C-6. J. Antibiotics (Japan) 5:677- 
608 

16. Yajima, T. 1955. On the classification of antifungal 


intibiotics. J. Antibiotics (Japan) 8:189-195 


ION OF SWEET POTATO LINES TO SOIL ROT 
and F, Ben Struble 


ipomoea. The more resistant sweet potato lines had 
fewer layers of non-nucleated periderm. It was also 
shown that sweet potato lines with higher rates of root 


development were generally more resistant to soil rot 





Introduction. The sweet potato (/pomoea_ bata- 


tas (| Lam.) breeding program under the leader- 
ship of Dr. H. B. Cordner of the Department of Horti- 
culture at the Oklahoma Agricultural Experiment Sta- 
tion has produced many thousand sweet potato seed- 
lings to be evaluated for their relative value as poten- 


tial new sweet potato varieties. One of the objectives 
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of the program has been to produce sweet potato varie- 
ties that. in addition to other desirable characters, are 
resistant to as many diseases as possible. Among the 
diseases considered in this program has been soil rot 
incited by Streptomyces ipomoea (Person & Martin) 
Waks. & Henrici. Soil rot has not been of major im- 
portance as a sweet potato disease in Oklahoma, but it 
is common and is of particular significance in drier 
years and in sandy soils. 

That resistance to soil rot is available in sweet po- 
tato has been demonstrated by Watson (6). Martin 
(4), and Struble (unpublished work at the Oklahoma 
Agricultural Experiment Station). One of the more 
dificult problems of breeding for resistance to this 
disease has been ready identification of resistance or 
susceptibility Although a variety of techniques have 
been tried for evaluating resistance, it is still necessary 
to resort to field tests in infested soil to determine the 
reaction of sweet potato lines. Field tests, though 
perhaps ultimately necessary, are, for a screening pro- 
gram, too time-consuming and too subject to vagaries 
of weather to be consistently reliable. 

The present investigation was conducted to evaluate 
several possible techniques for determining the re- 
action of sweet potato lines to soil rot. Only tech- 
niques that show promise are reported. A summary 
report of these techniques has been published (1). 

Test for pathogenicity.-Among greenhouse or lab- 
oratory tests tried for distinguishing resistance and 
susceptibility to soil rot in sweet potatoes were several 
dependent upon the relative amount of rootlet ret and 
top growth that results from inoculations under con- 
trolled conditions. In other tests attempts were made 
to inoculate and evaluate severity of soil rot on mature 
and on small roots. Another test involved an attempt 
to correlate the relative chlorogenic acid content of 
roots with resistance. It was possible to distinguish 
differences between sweet potato lines with respect to 
their relative susceptibility to soil rot with most tests 
tried, but the differences were not considered sufh- 
ciently distinct and consistent to be of real value in a 
screening program. 

Preliminary to tests involving inoculation to deter- 
mine varietal reaction, it became necessary to establish 
a reliable technique for determining pathogenicity of 
Streptomyces isolates and maintaining them in a stable 
condition. A variety of techniques for determining 
pathogenicity were tried, including one reported by 
Person and Martin (5). For the most part, these tech- 
niques were dependent upon a discoloration of roots 
for positive results. In general, reactions. even with a 
known pathogenic culture. were so variable and un 
reliable as to make results questionable 

In the course of testing techniques that might be 
suitable for differentiating resistance or susceptibility, 
a method adapted from the work of Lawrence (3) 
with Streptomyces scabies (Thaxt.) Waks. & Henrici 
was found to be very good for testing pathogenic itv of 
Streptomyces isolates from sweet potato, This method 
involved the use of small (3-6 mm in diameter) 


freshly dug. soil-rot-susceptible sweet pot ito roots cut 


SWEET POTATO REACTIONS TO SOIL ROT 823 


into pieces about 6 cm long. These were washed in 
sterile distilled water and dipped into a chopped 
mycelium-spore suspension of the Streptomyces isolate 
in question. The root pieces were then embedded in 
sterilized vermiculite in 14520-mm Petri dishes and 


incubated 5-7 days at 32°C. 


Before autoclaving, the 
volume of vermiculite necessary to fill one of these 
dishes was moistened with 100 ml of distilled water. 

This technique gave consistent, positive results with 
pathogenic cultures. Pin-point lesions were evident 3 
days after inoculation, and well-formed lesions 5 days 
after inoculation (Fig. 1). S. ipomoea was easily 
reisolated from unbroken lesions on these roots, 

rhis technique made it possible to show that re- 
peated transfers of pathogenic cultures on a synthetic 
medium resulted in a gradual loss of pathogenicity. 
This loss of pathogenicity, previously suspected, had 
not been demonstrated previously because techniques 
were inadequate. The effect on pathogenicity of re- 
peated transfers on Czapek’s agar is illustrated in Fig. 
1. The best way to eliminate this loss in pathogenicity 
was through periodic transfer of the desired culture 
from a stock culture maintained in a soil-sand mixture. 
Cultures have been reisolated from 2-year-old soil-sand 
stock cultures without evident loss of pathogenicity. 

The technique presented here for testing for patho- 
genicity proved effective but was not useful for evalu- 
ating differences in susceptibility between sweet po- 
tato lines. 

Periderm test for resistance.—In an attempt to 


identify resistance to common scab (incited by S., 


scabies) in white potato (Solanum tuberosum L.), 
Cooper et al (2) discovered that resistance was as- 
sociated with the relative number of non-nucleated 
cell layers in the periderm of tubers. Resistant lines 





Fig. 1.—-Roots of a susceptible sweet potato line, P97, 
showing relative amounts of infection when inoculated with 


" pathogenic isolate. 58-40. of Streptomyces tpomoea, upper 
row: roots in lower row inoculated with a similar isolate, 
58-M-1, after 4 transfers on Czapek’s agar 
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Comparison of rat s of held reaction to soil 


Table 1. 


rot with mean layers of non-nucleated periderm on roots of 
6 sweet potato lines with statist | significance as shown by 
Duncan’s multiple range 

Mi iyers of non-nucleated 


| for each indicated root: 


Fie 
Line rating 2 ; Mean 
Nemagold R 2.49 00 2.92 
Acadian R ) 75 1.75 
Allgold I 2 ae 4.00 }.] 
1-126 a Lt ( ».00 1.6 
P.9O7 ~ 73 ) O00 5.42 
Unit #1 
Porto Rico ‘ () 6.50 6.9? 
Statistical Significance 
Nemagold Ac idiar \ | 1-126 P Y, Lnit =] 
Porto Rico 
2.92 75 | 1A 42 6.9? 
R = resistant, | s usceptible 
Each figure is a mean based on four observations 
Anv 2 means not underscored by tl same line are 


significantly different 


had a tew or no non-nu leated layers whereas s iscep 


tible lines had several such layers 

In the present work in attempt was made to cor 
relate resistance to soil rot in sweet potato lines with 
the relative number of layers of non-nucleated cells 
in the periderm of roots. Free-hand sections of root 
periderm were stained with aceto-carmine (2) and the 
lavers of non-nucleated periderm were counted 


Data on the non-nucleated periderm from mature 
roots of 6 sweet potato varieties or lines used in this 
work are presented ind compare d with ratings of re 
actions of these lines to soil rot in field tests in Table 
l. Three roots of each line were used. and, for each 
root. counts were made at each of 4 locations. From 
these data it will be noted that there was statistical 


significance between lines with respect to the relative 
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number of non-nucleated periderm layers. The more 
resistant a line was, the fewer the non-nucleated peri- 
derm layers. There was a high degree of correlation 
between ratings based on non-nucleated periderm and 
ratings based on data with these lines planted in in. 
fested field soil. Differences in periderm were also 
present in immature roots 5-10 mm in diameter. The 
difference between 2 sweet potato lines relative to cell] 
layers of non-nucleated periderm in roots 5 mm in 
diameter is illustrated in Fig. 2. 

The validity of this periderm test for identifying 
resistance or susceptibility to soil rot in sweet potato 
was further tested by making counts of layers of non- 
nucleated periderm from 23 sweet potato lines in addi- 
tion to the 6 noted in Table 1. According to the num. 
ber of non-nucleated cell layers found, each line was 
rated as resistant, intermediate, or susceptible in its 
expected reaction to soil rot. Again there was a high 
degree of correlation between non-nucleated periderm 
ratings and ratings from field tests with these lines. Of 
the 29 sweet potato lines tested, the range in mean 
layers of non-nucleated periderm layers was from 1.25, 
in Heartogold (resistant). to 9.5, in L 3-77 (suscep- 
tible). 

The principal difficulty involved in evaluating re- 


action of sweet potato lines was where, either from the 
periderm test or field data, a line had been designated 
as intermediate in reaction. In a few cases were a 
line had been designated as intermediate by one of the 
tests. the other test showed it to be either resistant or 
susceptible. It appears that the intermediate category 
is not clear-cut, which is borne out by several years 
of field testing that demonstrated that many sweet 
potato lines are not clearly either highly resistant or 
very susceptible. 

On the basis of evidence presented that there is a 
I f correlation between resistance to soil 


rot and a fewer number of non-nucleated periderm 


igh degree ‘ 


layers, it seems that the periderm test should be use- 
ful in evaluating sweet potato lines for their reaction 


to soil rot 


Comparison of 2 sweet potato lines with reference to non-nucleated periderm layers on roots 5 mm in diame- 
ter. A) P-97, a soil-rot-susceptible line. B) Acadian, a soil-rot-resistant line 
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Table 2.—Root development in each of 12 sweet potato 
lines as related to soil rot reaction. 


Av. Av. Relative 
number length root Field 
Line of roots perroot development rating 
(cm) 

Acadian 18.00 5.00 90.00 R 
Nemagold 18.88 4.1] 77.60 R 
P-81 16.00 1.40 70.40 I 
1-126 22.00 3.10 68.20 S 
4-107 8.20 6.00 19.20 R 
Okla. 61 11.67 5.83 14.70 | 
Redgold 8.10 8.75 50.38 | 
Allgold 1.50 6.10 27.45 I 
P.97 11.00 2.30 25.30 s 
Okla. 51 7.80 2.50 19.50 | 
P-108 5.90 2.35 13.87 s 
Unit +1 
Porto Rico 8.40 1.50 12.60 s 

R resistant; | intermediate; S susceptible 


Root development and resistanee.—- From experience 


with tests of sweet potatoes for their reaction to soil 


rot it had been observed that some of the more re 
sistant lines apparently produced more roots, and 
longer individual roots, than did susceptible lines. 
Martin (4) has noted this phenomenon in the rela- 
tively resistant variety, Heartogold. In an attempt to 
determine if this ability was consistently associated 
with resistance in the present work, 10 cuttings each 
of 12 different sweet potato lines were rooted for ] 
week in water. Then the roots of each cutting were 
counted and measured. To get a single value for root 
development for each line. the average number of 
roots per cutting was multiplied by average root 
length. The product was designated as a value rep- 
resenting relative root development for each line. Re- 
sults from this test on relative root development are 
compared with field ratings of these lines in Table 2. 
Differences in root growth between 2 sweet potato 
lines are illustrated in Fig. 3. Generally, the more 
resistant lines have an appreciably higher root devel- 
opment value than the susceptible lines. Higher root 
development values do not in all cases coincide with 
resistant field ratings. This can be explained by the 
fact that the field ratings. for the most part. are based 
on readings from mature roots, and mature root re- 
sistance is not necessarily correlated with resistance 
to the rootlet rot phase of soil rot. It will be noted 
from the data in Table 2 that a resistant line may 
have either a greater number of roots per plant or the 
average root length may be greater, or both may occur 

There is evidence, then, that the more roots a given 
sweet potato line produces, and the more rapidly they 
grow, the more likely the line may be resistant to soil 
rot. 

Discussion.__The periderm layers were found to be 
more readily distinguishable in fresh roots. While 
readings could be made from stored roots, nuclei in 
the cells of the periderm of these tend to become more 


dificult to see distinctly. Specifically how many no! 
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nucleated lavers are necessary to make a line resistant 
can not be stated with present knowledge. On the 
basis of evidence at hand, though, it seems that a line 
with fewer than 4 non-nucleated layers in mature roots 
should have some resistance. Generally young or 


immature roots had a laver or 2 less of non-nucleated 


periderm than did mature roots. Comparisons of lines 
should be based on roots at approximately the same 
stage of development. 

Since a causal relationship between non-nucleated 
periderm and resistance or susceptibility has not been 
established, it might be that this is simply a chance 
correlation. It is suggested that one way in which 
non-nucleated periderm may function is to allow S. 
ipomoea to become established more readily where 
there are several layers or to make it more difficult for 
S. Ipomoea to become established where there are 
fewer layers. The relative amount of senescent or dead 
tissue may be a determining factor in the establish- 
ment of this organism preliminary to its activities as a 
pathogen. 

\t present there is no evidence to demonstrate how 
an abundant root system allows a plant to be more 
resistant. It is suggested that with such a root system 
a plant is better able to survive after loss of some 
rootlets. Martin (4) suggested that an abundant root 
system allows a plant to escape the early effects of 
rootlet rot. There is at least observational evidence to 
indicate that apparent resistance to the rootlet rot 
phase of this disease does not necessarily mean that 
older or mature roots may not be severely attacked. 

\ proper evaluation of resistance would seem to 
require consideration of both the non-nucleated peri- 
derm and root development. 


As pointed out by Martin (4) and noted repeatedly 
in the Oklahoma investigations, the resistance gen- 
erally available in present sweet potato lines or varie- 
ties is not of a very high type. This may explain the 
repeated failure to identify resistance satisfactorily by 
any kind of test involving inoculation of rootlets or 
more mature roots..-Department of Botany and Plant 





Fig. 3..-Comparison of root systems of 2 sweet potato 
rieties. Note that Allgold A) has fewer and shorter 
roots than Nemagold (B) 
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Cultures of Aphane ; isolate 50. grown 
for 5 days in maltose-pepto rot produced more 
ZOOS POTes when thie ed A eplaced with tap 
water for 1-2 hours fo ve tille wate! Lal 
with other water combinations ip water alone pro 
duced fewest Zoospores W he ») | of distilled 
repla ement water were sec f oospores were Ob 
tained with 5-day-old cultures than with cultures 3. 7 
9. or 11 days old W distilled place 
ment water was used mcentrations were highest with 
cultures 3 days old. Numbers of spores of isolates 
50. 72. and 103 were larges en temperature of the 
distilled replacement water w 24° The optimun 
culture temperature range { spore production of 
isolate 50 was 20—28 Vegetative growth was maxi 
mum at 28°. Under opt conditions 5-dav-old 
cultures of isolates 50. 72 ind 103 usually produced 
J—3 LO zoospores per n rf listilled replacement 
water Aeration of distilled placement water cor 
taining mycelium increased yospore production 2-4 
times by isolate 50. a ( imes by isolate 102 
normally a poor zoospor er. Presence i 
sence of light had no effect o1 spore produ 


isol ite oV 





The search for parent t tf pea resistant 
common root rot f 7 tetches Drechs 
and the testing of breeding s segregating for re 
sistance and susceptibi to this disease, require 
oculation in the greet : th large numbers of 
zoospores | +) Since the r of zoospores pro 
duved by culture s ot the rg - varied trom fest fo 
test. possible sources of this ibility were stu lied 
\ brief report has been published (2 

Several media. including p lecoction (1. 6). maize 
kernel decoction ] ) ? } ind maltose 
peptone broth ; have er sed ilturing A 
euteiches for zoospore pro t (;enerally zoospore 
production has been induced washing mycelium 
with several changes of “wate i. 6 or tap water 
(4. 5). Distilled wate f NaCl. MgSO, 
or sucrose were inter! vyater as sporulating 
media (5). Temperature opt for zoospore produ 
tion have been reported to be 15-20 ¢ b) and ove! 


~» 


the range of 4-32 
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CTION BY APHANOMYCES EUTEICHES 


Materials and methods.—Cultures of 4 isolates of 
1. euteiches, each derived from a single zoospore, 
were used. Isolate 50 was from Michigan: isolate 72 
was supplied by W. T. Schroeder, New York Agri- 
cultural Experiment Station, Geneva: and isolates 102 
ind 103 were supplied by L. O. Lawyer. California 
Packing Co., San Leandro. Inoculum was prepared 
by growing the fungus 4-5 davs in Petri dishes on 
potato-dextrose agar (per liter: extract from 200 g po- 
Uniform disks of 


mycelium cut with a cork borer were used to inoculate 


tatoes: 20 g agar: 20 @ dextrose 


Hasks of liquid media. 


Phe mie thod used to induce zoospore produ tion was 


similar to that described by Smith and Walker (6), 
The fungus was usually grown 5 days at 23-25° in 


90 ml of maltose-peptone broth (pel liter: 3 g maltose: 
| g peptone) in acid-washed 250-ml Erlenmeyer flasks. 
he mycelial mats were left in the same flasks, the 
medium was poured off. and about 60 ml of tap water 
was added. This water was replaced after 2 hours by 
10 ml of distilled water, and flasks were then placed 
in a 24° incubator. Single lots of distilled and tap 
water were used throughout the study to avoid possible 
variation in the water samples. The number of zoo- 
spores at 15-17 hours was computed by counting 

fields of a sample from each of 4 flasks in a standard 
haemacytometer. To stop the movement of zoospores, 
cellulose gum (Type 120 High, Hercules Powder Co.) 


was used at the rate of 0.3 2 per LO ml of zoospore 
suspension 
The | media used WCeLite 1) pea decoction {per 


iter: extract from 41 g of Miragreen pea seeds). 2 


| 
maize decoction (per liter: extract from 41 g of maize 
kernels, field corn). 3) maltose-peptone broth. 4) po- 
tato-dextrose broth (per liter: extract from 200 ¢ of 
potatoes: LO g dextrose). 

In an experiment on light effects. mycelial mats in 
distilled replacement water in open 300 ml preparation 
dishes were exposed to 150 ft-c from a 14watt fluo- 
rescent lamp in an incubator at 24 

In aeration studies, filtered air was introduced into 
distilled replacement water through 3-mm glass tubing 
at the rate of 300—400 ml per minute (ca. 6 bubbles 
per second In one experiment the same amount of 
1ir was discharged at the surface of the water. Vace- 


ium was applied by placing flasks in a desiccator 
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Zoospore produc tion by A phanomye es euteiches 


Table I. 
jsolate 50 with different combinations of water changes." 
(10,000's) 


Number of zoospores per ml 


Test r-D r-1 D-T D-D D 1 LSD 5% 
] 18.6 1.9 14.1 9.6 10.7 1.7 7.2 
9 20.0 3.2 13.3 14.5 18.7 1.4 5.8 


Mycelial washes indicated in sequence. 1 
D = distilled water. 


lap water; 


connected to a water pump, and reducing pressure to 
8 mm of mercury. 

In all the experiments 4 replications per treatment 
were used. Analysis of variance was applied to the 
data. and statistically significant results are indicated 
for either the 5° or 1% level. 


Results. Vedia. 


pared using cultures grown in pea decoction, maize 


Zoospore production was com- 
decoction, maltose-peptone broth, and potato-dextrose 
broth. isolate 102 


sporulated poorly or not at all; a maximum of 7104 


Cultures of grown in all media 


zoospores per ml was produced in one experiment by 
Isolates 50, 72 


vrown in maize decoction. 72, 
results of the 4 


cultures 
and 103 
tests differed. In 


similarly. but the 
test | 
numbers of 


behaved 
maltose-peptone broth gave 
signifi antly largest zoospores, in test 2 
pea decoction was superior, and in tests 3 and 4 maize 
decoction gave the highest numbers. Maltose-peptone 
broth. pea decoction, and corn decoction always gave 
satisfactory zoospore production, in the range of 1-2.5 

10° per ml of distilled replacement water, whereas 
potato-dextrose broth was distinctly inferior, particu- 


and 1. 


could be formulated more precisely 


larly in tests 3 Since maltose-peptone broth 


than the de oc- 
tions, it was used in all subsequent experiments. 


Water requirements.—Two experiments were de- 


signed to determine the optimum combination of tap 
and distilled 
Cultures of 


used 


water water changes for zoospore pro- 


duction. isolate 50 grown for 5 days at 


94° were Treatments included immersing the 


mycelium first in tap water for 2 hours, then in dis- 


tilled water for 15 hours. or vice versa, tap water fol- 


lowed by tap or unchanged distilled water. Zoospore 
numbers were largest when tap wale! Wds followed 
by distilled water (Table 1). In test 1 this treatment 


gave significantly more zoospores than the other treat- 


ments except distilled water followed by tap water. In 
y 


test tap wate! followed by distilled water was 
equalled only by distilled water alone. The numbers 
ot zoospores produced in distilled followed by tap 


distilled distilled 


approximately two-thirds that of the best method. One 


water or followed by water, was 


or 2 changes of tap water gave significantly fewer 


Zoos pores, 
The length of should be 
immersed in tap water after pouring off the medium 


time the mycelial mats 


was determined in 2 trials. Mats were placed in tap 


water for 1 minute. 15 minutes. 1 hour, 2 hours, or 6 


hours before replacing with distilled water for 15-17 
Results both tests. 
When the fungus was left in tap water for 1 or 15 


hours. were almost identical in 
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minutes very few zoospores were obtained as compared 
with mycelium in tap water for 1, 2, or 6 hours (Fig. 
1). Counts for these latter 3 treatments did not differ 
significantly. In addition readings for the 6-hour treat- 
ment made at 17 and 23 hours did not differ. There- 
fore, the initial immersion in tap water, for at least 
1 hour, was necessary to obtain a large number of 


zoospores. Leaving the fungus indefinitely in tap 
water, however, inhibited zoospore production, 
Time interval for production of zoospores.—To de- 


termine the time of zoospore discharge, counts were 


after mycelial mats 


placed in the distilled replacement water. No 


made at 2-hour intervals were 
ZO0- 
spores were present until 6 hours had elapsed (Fig. 
2), and numbers were maximum in 8-10 hours. No 
zoospores were formed after 10 hours. 

Studies were made to determine the 


My- 


were induced to 


Temperature. 
zoospore production. 


- ena 
5 days at 23-25 


optimum temperature for 


celial mats grown 


sporulate at temperatures of 16°, 20°, 24°, 28°, and 
32°. In 9 tests the 
from isolates 52, 72 
duced at 24° (Fig. 3 
at the 5 temperatures by isolates 52, 72, and 103 dif- 
fered The 
mum temperature was not defined for 


maximum number of 
103 


See Number of Zoos pores produced 


zoospores 


and was consistently pro- 


statistically in nearly all instances, opti- 


clearly isolate 


102 because it produced very few zoospores at all 
temperatures tested. 
The effect of culture 


spore production of isolate 50 at 24 


(growth) temperature on zoo- 


was evaluated in 


3 tests. Mycelial mats grown at 20°, 24°, and 28 
produced largest numbers of zoospores (Fig. 4). 


When these 3 temperatures were compared no signifi- 
in which 
these 3 


cant differences were found except in test 1, 
The data for 


and 32° in 


numbers were highest at 24 
temperatures differed from those at 16 
test. Thus the 
for maximum zoospore production 


each optimum growth temperature 


range was 20-28 
Dry weight of the mycelium increased with tempera- 
ture, reaching a peak at 28°. At still higher tempera- 
ture (32 (Fig. 4). 
fge of the culture and volume of distilled replace- 


growth was retarded 


The influence of the age of culture and 
distilled 
production studied 
Isolate 50 of A. euteiches was induced to form 

3. 5. 7, 9, and 11 days in 2 experiments 
and 6 days in another. When 30 or 50 ml 


5-day-old 


ment water, 


volume of replacement water on zoospore 


simultaneously in 3 


was experi- 
ments. 
zoospores at 
and at 2. 4. 
of distilled replacement water were used, 
concentrations 


11 days 


increased 


cultures produced significantly higher 
of zoospores than cultures that were 3, 7, 9, o1 
old (Fig. 5). As the age of the 


heyond 5 days, zoospore production decreased. When 


culture 


20 mi of water was used, the maximum concentration 


of zoospores was obtained with 3-day-old cultures; 


this treatment gave concentrations higher than any 
other. Results were similar in experiments 2 and 3 
When total numbers of zoospores per flask were 


considered, the maximum number was produced with 
days old in 30 or 50 ml of replacement 


Cultures 3 days old produced a total 


cultures 5 


water (Fig. 6). 
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Table 2.—Effect of aeration of distilled replacement water on zoospore production by Aphanomyces euteiches isolate 50, 
Number of zoospores per ml (10,000's) 

Pre- Pre 
\ Air at Oper Closed aerated aerated Open 
surtace flasks flasks water water flasks LSD 
lest Vacuun 4 24 24 24 6 24 6 5¢ 
| 0.0 1.2 2.4 14.2 9.2 
9 0.0 19 21.8 19.0 25.7 16.1 8.5 
number of zoospores greater than o 7-, 9-, or Ll-day- ot zoospores of {. euteiches tor greenhouse inoec ila- 
old cultures only when placed in 20 ml of distilled tions of pea seedlings, fewer cultures are required 
water and the danger of wasting valuable plant material 
Vegetative growth increased steadily over the period owing to failure to obtain adequate inoculum is prac. 
of the experiment. Therefore, zoospore production — tically eliminated. 
was not correlated with weight of mycelium Maltose-peptone broth was an excellent, simple. and 
{eration Bubbling air into the distilled replace reproducible medium for culturing A. euteiches for 
ment water containing the celium of isolate 50 gave Zoospore production. It gave zoospore numbers com- 
zoospore concentrations 4d times as great as those parable to those produced by pea decoction (1, 6) and 
produced in open flasks (Table 2 In 1 test more maize decoction (4,5), media commonly used by other 
than a million zoospores per ml were produced. How workers. 
ever, when cultures were aerated at the water sul The method used to induce sporulation, placing 
face the number of zoospores was increased only mycelium in tap water followed by distilled water, was 


slightly over that of nonaerated cultures. Zoospore 
production was not reduced stoppering flasks, but 


vacuum completely prevented Zoos pore formation, 


When distilled water at 6 or 24 was aerated for 5 
hours and then used as replacement water at an all 
temperature of 24° no significant increase in the num 
ber of zoospores was observed 

The air bubble method was used to induce isolate 
102 to sporulate in 3 experiments. In all tests, aerated 
-5-day-old cultures produced numbers of zoospores 
on the order of 1-210° per ml, 6-10 times the num- 
bers produced in open flasks (Table 3) 

Equally high concentrations of zoospores were pro 
duced by aerating several mycelial mats together in 
the same flask. Four mats in 160 ml of water was a 
convenient number to ust 

Light.—Placing spor ilating mycelial mats of isolate 


50 under 150 ft-e of light from a fluorescent lamp did 


not increase or decrease the number of zoospores pro 
duced. 4 

Discussion.._The_ preceding experiments demon 
strate the influence of several variable factors on 
zoospore production by A iteiches, and the impor 
tance of standardizing these variables at optimum 
levels to obtain consistently high concentrations ol 
zoospores. By using the information on the production 


Table 3.—Effect of a n of distilled replacement 
water on zoospore producttor {phanon es eut hes 
isolate 102 

Nu { spores per 
10.000's 
Ace ! 
Test eultur \ ib} () flasks 

] rad f 
2 » davs 2 

} da 

10 dav 


superior to several variations tried. In contrast with 
the results of others (5, 6), one or 2 changes of tap 
water gave very low numbers of zoospores. However, 
an initial immersion in tap water for at least 1 hour 
Was hecessary for maximum zoos pore production, 
Differences in the tap water used would possibly ae- 
count for the discrepancy. Zoospore discharge began 
in 5-6 hours, and was completed in 8-10 hours after 
the mycelial mats were placed in the distilled replace- 
ment water. These results are in general agreement 
with those obtained by other workers (1, 6). 

In conflicting reports on temperature optimum for 
zoospore production, Schneider and Johnson (4) gave 
the optimum range as 15-20°, whereas Sherwood (5) 
stated that numbers of zoospores were equal at a series 
of temperatures from 4° to 32°. In contrast with these 
reports, the optimum temperature for zoospore produc- 
tion for isolates 52, 72, and 103. in the present work in 
numerous experiments, was consistently 24°. Numbers 
were always substantially fewer at higher and lower 


— 


{ phanomyces 


temperatures, 


Fig. 1-6.—-1) Zoospore production by 
euteiches isolate 50 when mycelial mats were placed in tap 
water for varying periods before replacing with distilled 
water. LSD 5! 8.210". 2) Zoospore production by 
{phanomyces euteiches isolate 50 at different time intervals 
when the mycelium was in distilled replacement water. LSD, 
9%; test | 9.610", test 2 11.9% 10". 3) Effect of 
temperature of distilled replacement water on zoospore 
production by isolates 50, 72, 102, and 103 of Aphanomyces 
LSD 5% 7.9 10 1) Effect of culture 


temperature ot {phanomyces euteiches isolate 50 on weight 


euteiches 
of mycelium and subsequent zoospore production. LSD 5% 
11.910". 5) Effect of age of the culture and volume 
of distilled replacement water on concentrations of zoospores 
produced DY {phanomyces euteiches isolate 50. LSD 5 
98<10°. 6) Effect of the age of the culture and volume of 
distilled replacement water on the total number of zoospores 


produced bD {phanomyces euteiches isolate 5) 
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Vegetative growth of isolate 50 increased steadily 
with temperature, reaching its maximum at 28°, re- 
sults agreeing with those Smith and Walker (6). 
Maximum mycelial growth. however. was not neces- 
sarily associated with max production ot Z00- 
spores. The vegetative growth of the organism was 
less at 20° than at 24° or 28°. but as many zoospores 
were produced by « ilt ires grow it 20 as by those 
grown at the higher temperatures. Likewise. increase 
in weight of mycelium due to increasing age of cul 
tures was not correlated wit increased zoospore pro- 
duction. In general. cultures 5 days old produced 
more zoospores than young r older cultures 

Zoospore produ tior in ] euteiches was increased 
dramatically by aeration of the distilled replacement 
water, a response apparently not pre viously reported. 
Zoospore concentrations produced by isolate 50 were 
increased 2—4 times by such treatment. Isolate 102. 


which normally did not produce adequate numbers of 


zoospores for ino¢ ulation 0 piants became in excel- 
, 

lent zoospore produc er whit tir was bubbled into the 

distilled replacement wale | s method which is 
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SUMMARY 
In a homologous series of n-alkyl guanidine actate 


compounds with alkyl groups of 10-18 earbons, maxi 
mum toxicity to cells of Saccharomyces pastorianus 
and conidia of Monilinia fr 
the homologs with alkyl] groups of 13-14 


Maximum phytotoxicity to Vicotiana glut 
hibited by the homolog witt in alkvl group ( 


ticola was exhibited by 
arbons 
i? Sad was ex 
I LO car 
bons. Toxicity of dodine to S pastorianus increased as 


pH of the external medium was increased from 5.1 to 


7.8. Dodine was rapidly imulated in large quanti- 


ties by fungus cells. Inhibition. by dodine. of the oxi 
dation of oluc ose by cells of S pastorianus was ¢ losely 
correlated with inhibition of growth of this organism 
The effect of dodine on the oxidation of glucose by 
conidia of M. fructic was not correlated with the 
effect of this compo nd or pore germination. Fermen 
tation of glucose by intact veast cells or of glucose and 
fructose-1,6-diphosphate HDP) by cell-free extracts 
of the yeast was strongly inhibited by dodin Ll ndet 
anaerobic conditions, pyt ite was not fermented by 
untreated yeast cells. but cells pretreated with dodine 
readily fermented this substrate. Cell-free extracts of 
the yeast metabolized pyruvate regardless of whether 
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used for routine production of zoospores for inocula. 
tion of peas at Michigan State University. reduces to 
yo or ¥y the number of cultures required. Combining 
several mats in 1 flask for zoospore production gives 
further savings in equipment and handling.—Depart. 
ment of Botany and Plant Pathology, Michigan State 
University, East Lansing. 
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OF x-DODECYLGLANIDINE ACETATE 


Brown and Hugh D. Sislet 


the extracts were prepared trom untreated cells or 
from cells pretreated with dodine, although activity 
was less in the latter. Exogenous sources of HDP 
were not metabolized by untreated yeast cells. as indi- 
cated by aldolase activity, but this substrate was 
metabolized by cells pretreated with dodine. Cells of 
S. pastorianus and conidia of M. fructicola lost phos- 
phorus compounds and_ ninhydrin-positive substances 
when treated with toxic doses of dodine. The loss of 
cellular constituents was considerably more prominent 
in the former. Alteration of permeability of the cell 
with the resulting loss of vital cellular constituents, 
and inactivation of certain vital enzymes, appear to be 
the mechanisms by which dodine exerts its toxic effect 
on S. pastorianus. The toxicity of dodine to conidia of 
WV. fructicola is attributed to the blocking of vital 
anionic sites at the cell surface and to inactivation of 
certain vital enzymes. 





The fungicidal compound n-dodecylguanidine ace- 
tate. commonly referred to as dodine or Cyprex. has 
recently achieved prominence as a fungicide for the 
control of certain plant diseases. The toxicant is a 
cationic surfactant and has the structural formula: 


NH 


C,2H»;—NH—C—NH. - CH,COOH 
It consists of a straight-chained alkyl group of 12 car- 
bons attached to the strong base guanidine. which is 
neutralized by acetic acid. 

The present investigation was undertaken to deter- 
mine the manner in which dodine exerts its toxic effect 
on fungal cells. There is no literature concerning the 
mechanism of action of this particular compound. but 
some information is available on the mode of action of 
other cationic surface-active toxicants. 
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West and Wolf (19) presented data indicating that 
the fungicidal compound 2-heptadecy|l-2-imidazoline in- 
terferes with purine metabolism in Monilinia fructi- 
cola. Hotchkiss (7) showed that cationic surfactants 
cause bacterial and yeast cells to lose nitrogen- and 
phosphorus-containing compounds to the external 
medium and suggested that the loss of these substances 
resulted from cytolytic damage to the cells. Gale and 
Tavlor (5) detected the loss of amino acids from cells 
of streptococci in the presence of bactericidal dosages 
of surfactants. Such cells failed to oxidize glucose, 
pyruvate, L-alanine, or succinate. 

Inhibition of enzyme activity by cationic surface 
active agents has been reported in several instances. 
Knox et al (9) found that 50°) inhibition of glucose 
oxidation and of growth was achieved in cells of E. 
coli, by similar dosages of the cationic surfactant 
Zephiran. Inhibition of enzymes, such as catalase and 
arginine decarboxylase, however, required considerably 
Activity of the latter 
enzyme was arrested only in the presence of sufficient 


higher dosages of the toxicant. 


surfactant to bring about denaturation of the apoen- 
zyme. Other data of these workers show that glycolytic 
enzymes are sensitive to this cationic surfactant in the 
intact cell, but resistant when isolated. 

Materials and methods.— Cultural procedures.—The 
organisms used in this study were Saccharomyces 
pastorianus Hans. and Monilinia fructicola (Wint) 
Honey. Stock cultures of the former organism were 
and small quantities transferred to 
a nutrient medium for the purpose of obtaining inocu- 


maintained at 4°C, 


lum. The nutrient medium consisted of the followin 
KH.PO,, 2.0 g: KHPO,. 15 

(NH,).S0,. 1.0 g: MgSO,, 0.5 g: trace elements con- 
sisting of 0.05 ppm each of manganese as MnSQ,. zine 
as ZnSO,, copper as CuSQ,. iron as FeSQ,, and 


molybdenum as Na.MoO,; vitamins consisting of 


ao 
= 
a 


glucose. 10 g; 


thiamine hydrochloride, 200 yg; calcium panthethe- 


nate, 200 ng: niacin, 200 png; biotin 10 pg; i-inositol, 
2.0 mg: pyridoxine, 100 yg: and distilled water to 1 
L. The pH of the medium was 6.4. The culture flasks 
were placed on a reciprocating shaker and the yeast 
grown at room temperature for about 12 hours. The 
suspension was then centrifuged. and the cells were 
washed twice and then suspended in the nutrient 
medium or distilled water. It was necessary to use 
distilled water in some instances because high concen- 
trations of dodine formed a precipitate in the presence 
of inorganic salts. Cell suspensions were adjusted to 
an optical density reading of 0.70 or 1.0 at 450 my. 
These readings respectively correspond to 0.43 and 
0.65 mg dry wt./ml. A Coleman Spectrophotometer 
was used for this purpose. 

Vonilinia fructicola was cultured in Petri plates on 
Difco potato-dextrose agar. The culture plates were 
inoculated with a sterile suspension of conidia and 
maintained at 25°C. Conidia were harvested at 7 days 
by flooding the cultures with distilled water and gently 
rubbing the surface of the culture with a rubber 
policeman. The resulting suspension was filtered 
through cheesecloth to remove mycelial fragments. The 


filtrate was centrifuged, and the conidia were washed 
and then suspended in a volume of distilled water to 
give an optical density of 1.0 at 450 mp. This optical 
density corresponds to a dry weight of 0.75 mg/ml. 

Evaluation of the toxicity of dodine-—The toxicity 
of dodine to cells of S. pastorianus was determined by 
suspending cells of the yeast in the nutrient medium 
in the presence of the fungicide. Growth of the test 
organism was determined by the optical density of the 
cultures. Specifically, 9.4 ml of the nutrient medium 
was pipetted into screw-cap test tubes (12520 mm) 
that would fit into the spectrophotometer. One-half ml 
of yeast inoculum (0.43 mg dry wt./ml) and 0.1 ml 
of the desired concentration of dodine in 95% ethanol 
were added to the medium. The initial optical density 
of the cultures was 0.04. When cultures used as con- 
trols reached an optical density of about 1.0, the test 
was terminated. This method was used in studying the 
effect of the hydrogen-ion concentration of the external 
medium on the toxicity of dodine and in evaluating the 
relative toxicity of a homologous series of alkyl 
guanidines, 

In most experiments more concentrated suspensions 
(0.65 mg dry wt./ml) were used. The effective dosage 
(ED) values of dodine at this level of cells were ob- 
tained by an agar plating method. Cells were treated 
with the desired concentrations of dodine in distilled 
water for 15 minutes, a 0.04-ml aliquot was added to 
100 ml of distilled water and mixed well, and 0.05 ml 
was spread evenly on the surface of an agar medium. 
This was the same nutrient medium as described previ- 
ously to which 3 g/L of bacto agar was added. After 
36 hours, the yeast colonies were counted. 

In manometric and other types of experiments in 
which this quantity of yeast was used, the cells were 
treated with the toxicant for 15 minutes and sedi- 
mented, and the supernatant solution decanted. The 
cells were washed once with distilled water and the 
suspension then brought up to the original volume with 
the desired medium and used directly. The pH of the 
distilled-water solutions of dodine was 6.4—6.5. 

Inhibition of spore germination was used as a meas- 
ure of the toxicity of dodine to M. fructicola, A spore 
was considered germinated when the germ tube 
reached a length of about one-half the width of the 
spore. Conidia of the fungus were suspended in 4.95 
ml of distilled water to which 0.05 ml of the appro- 
priate concentration of dodine was added. After shak- 
ing for 15 minutes, 0.5 ml of the treated conidial sus- 
pension was placed in a Petri plate containing 8 ml 
of Vj-strength Difeo potato-dextrose agar medium to 
which 1 g/L of bacto agar had been added. At least 
90-95% 
1 hours at 25°C on this medium. This particular meth- 
od was also used to determine the relative toxicity of 
the homologous series of alkyl guanidines to M. fructi- 


of the conidia used as a control germinated in 


cola. In manometric experiments, samples of the coni- 
dial suspensions were removed from vessels at the 
termination of the gas measurements and per cent 
germination was determined by standard slide germi- 
nation techniques after a 1—3-hour incubation period 


at room temperature. 
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Radioactive isotopes ‘C-labeled dodine and #*P- The '*C-labeled dodine and the homologous series 
labeled phosphate were used in several experiments. of n-alkyl guanidines were kindly supplied by the 
Radioactivity of the ‘C-labeled fungicide was meas- American Cyanamid Company. 
ured with a Tracerlab SC-16 windowless gas-flow Loss of constituents from cells in the presence oj 
counter, and *“P activity was determined with an end- dodine.—Radioactive phosphate was used to determine 
window Geiger-Muller tube. These apparatuses were the loss of phosphorus-containing substances from the 
attached to a SC-1C autoscaler equipped with a preset cells. The yeast was grown in a low phosphate 
counter. The radioactive solution was prepared for (2.2X10~'M) nutrient medium to facilitate the ae. 
counting by placing a 0.l-ml aliquot into a metal cumulation of **P-labeled phosphate in subsequent ex. 


planchett and drying it under a 150-W lamp 

Uptake of ''C-labeled dodine 
by the test organisms was determined by using !4C- 
labeled dodine. Nonradioactive dodine was added to 
aliquots of a known uniform amount of the radioactive 
toxicant so that the final concentration of three test 
dosages was 5.62. 10.0, and 56.2 ppm. In this manner, 
the initial count per minute of each dosage was held 
constant. Cells of the yeast or conidia of M. fructicola 
were suspended in 4.95 ml of distilled water con- 
tained in conical centrifuge tubes and 0.05 ml of the 
toxicant added. At various time intervals, the cells 
were centrifuged out of the solution and the radio- 
activity in a sample of the supernatant determined. 
The cells were quickly resuspended after the sample 


of supernatant was removed Phe sampling procedure 








was essentially the same as that used by Miller et al 
(10). 
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Phe uptake ot dodine 


periments. The phosphorus-deficient cells were washed 
and a known quantity was suspended in nutrient 
medium minus unlabeled phosphate but containing a 
small quantity of **P-labeled phosphate and 0.1M 
citrate buffer adjusted to pH 64 with sodium hy- 
droxide. Potassium ions were supplied as potassium 
chloride. After 60 minutes. the cells were centrifuged 
out of the radioactive medium, washed, and returned 
to the original volume with distilled water. Volumes 
of 4.95 ml were then treated with dodine in the mannet 
previously described. Conidia of M. fructicola (0.75 
mg dry wt./ml) were handled in the same manner. but 
with the following exceptions: The conidia were al- 
lowed to take up **P-labeled phosphate for 120 min- 
utes with no previous growth in the low-phosphate 
medium. The procedure for sampling the supernatant 
solution at various time intervals was the same as that 
used in measuring uptake of labeled dodine. 

In determining the type of phosphorus compounds 
lost by cells and in determining the loss of ninhydrin- 
positive compounds, large volumes of the test organ- 
isms were treated with various concentrations of dodine 
for 15 minutes. The cells were sedimented and the 
supernatant condensed to 3 ml in vacuo. Control 
samples were handled in a similar manner. 
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Total ninhydrin-positive substances lost to the 
medium by the cells were determined by the method of 
Troll and Cannan (16). These compounds were sepa- 
rated two-dimensionally on Whatman No. 1 filter paper 
sheets using water-saturated phenol in the first dimen- 
sion and n-butanol—acetic-acid—water, 250:60:250 
v/v/v. in the second dimension. The chromatograms 
were air-dried and sprayed with 0.25% ninhydrin in 
acetone and heated for 10 minutes in an oven at 85°C, 

Separation of the phosphorylated compounds was 
accomplished on Whatman No. 3 filter-paper sheets 
with a solvent system of isobutyric-acid—ammonium- 
hydroxide—water, 57:4:39 v/v/v, slightly modified from 
Kilgour et al (8). The solvent was used ascending for 
8 hours, the paper inverted 90°, and run descending 
until the solvent front reached the edge of the chro- 
matogram. The chromatograms were dried and placed 
next to X-ray film in exposure holders. After several 
days of exposure, depending on the activity present, 
the films were removed and developed. 

The identity or group to which the phosphorus com- 
pounds belonged was determined by comparing Ry 
values of spots on the radioautograms with the Ry 
values of known phosphorus compounds and by using 
ultraviolet light. The unlabeled phosphorus com- 
pounds were located on the chromatograms by the 
method of Hanes and Isherwood (6). 

Inhibition of phosphorus uptake.—Cells of the test 
organisms were pretreated for 15 minutes in distilled 
water with various concentrations of dodine and then 
placed in the nutrient medium minus labeled phos- 
phate but containing a small quantity of ®*P-labeled 
phosphate. At the end of various time intervals, sam- 
ples of the solution were removed for radioactivity 
measurements. The procedure for sampling was the 
same as that used in measuring the uptake of dodine. 

Vanometry._Conventional Warburg manometric 
techniques were used to study respiration and fermen- 
tation. The water-bath temperature was maintained at 
30°C for S. pastorianus and 25°C for M. fructicola. 
The shaking rate was 120 cycles/minute. 

Respiration.—Cells of S. pastorianus and conidia of 
M. fructicola were pretreated with dodine in the usual 
manner and washed. The yeast cells were suspended 
in nutrient medium minus the nitrogen source, and the 
conidia were suspended in a 0.022V phosphate buffer 
solution (pH 6.4) containing 1.0% glucose. Two ml 
of the suspending medium were placed in the main 
compartment of the vessel. and 0.2 ml of 2% KOH 
was added to the center well. 

Fermentation.—Intact cells of S. pastorianus as well 
as cell-free extracts from this organism were used in 
studies of fermentation in an atmosphere of nitrogen. 
Substrates used were glucose and the sodium salts of 
fructose-1.6-diphosphate, and pyruvate, each at a final 
concentration of 0.1M in a 0.1M citrate buffer of pH 
6.4. A solution of the following cofactors was added 
so that each vessel contained diphosphopyridine 
nucleotide (DPN), 1.0 mg: adenosine, 2.0 mg: acetal- 
dehyde. 1.0 mg: thiamine pyrophosphate, 0.15 mg: 


adenosine triphosphate (ATP), 1.0 mg; phosphate as 
potassium phosphate, 2 mg; and magnesium as 
MgSO,, 1 mg. Magnesium and thiamine pyrophos- 
phate only, were added at the same levels when pyru- 
vate was the substrate. The final fluid volume in the 
vessels was 2 ml. 

Correction was made for COs. retention in the 
medium according to the method described by Umbreit 
et al (17). 

In preparing cell-free extracts, 300 ml of yeast cells 
(0.65 mg drv wt./ml) were treated for 15 minutes with 
31.6 ppm of dodine or left untreated in the case of the 
control samples. The cell suspension was centrifuged 
and the cells washed twice with distilled water and 
brought up to a final volume of 40 ml in a 0.1M citrate 
buffer of pH 6.4. This volume of cells was exposed to 
sonic waves in a Raytheon Sonic Disintegrator model 
DF-101 in the presence of 1.0 g of celite. Over 95% of 
the cells were broken in an exposure period of 15 min- 
utes. The holding cup of the apparatus was maintained 
at 5°C during the breaking period. The broken-cell 
preparation was centrifuged at 2000 rpm for 10 min- 
utes in a Servall refrigerated centrifuge at 5°C to 
remove cell walls and other large fragments. One 
ml of the cell-free extract was used in each Warburg 
vessel, 

{/dolase activity—The effect of dodine on the utili- 
zation of glucose-6-phosphate and fructose-1, 6-diphos- 
phate (HDP) by cell-free extracts of S. pastorianus 
was determined by measuring aldolase activity. The 
method of Sibley and Lehninger (14) was followed ex- 
cept for the use of a 0.1M citrate buffer adjusted to 
pH 6.4 instead of Tris buffer of pH 8.6, and a water- 
bath temperature of 30°C instead of 38°C. One-half 
ml of the cell-free extract was used as a source of 
enzymes. Glucose-6-phosphate and HDP were used as 
the sodium salts at 0.1M. With the former substrate, 
ATP was used at the same rate as in the manometric 
experiments. Aldolase activity was also determined in 
this manner when these substrates were added to intact 
cells. In these experiments, 40 ml of cells (0.65 mg 
dry wt./ml) were pretreated with 31.6 ppm of dodine, 
centrifuged, washed twice, and brought up to a volume 
of 10 ml with 0.1M citrate buffer. One-half ml of these 
cell suspensions was used in each tube as a source of 
enzymes. Control cell suspensions not treated with 
dodine were prepared in a similar manner. 

Phytotoxicity of n-alkyl guanidines.—The phyto- 
toxicity of a homologous series of n-alkyl guanidines 
was determined by placing 0.01-ml aliquots of the 
toxicants on the leaves of Nicotiana glutinosa (gluti- 
nosa) and Phaseolus vulgaris var. Pinto. Quantities 
of each homolog were prepared by diluting a stock 
solution of 80,000 ppm in 95% ethanol with distilled 
water to give final concentrations of 125, 250, 500, 
1000. and 2000 ppm. Control applications consisted of 
the same series of dilutions of 95% ethanol. Four 
leaves on each of eight glutinosa plants were chosen, 
and each half leaf was marked with India ink to desig- 
nate the location at which the toxicant would be ap- 
plied. In this manner, the controls and the 7 homologs 
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Table 1.—Relative toxicity of a homologous series otf 
n-alkyl guanidines to leaves of Nicotiana glutinosa 
Phvtotoxic values 
Number of carbons in alkyl group 


Dosage 


(ppm) 10 1] 12 13 14 lo 18 
125 0.45 1.4 0.85 0.70 0.33 0 O 
250 6.83 1.57 86 2.87 0.50 0 0 
500 10.88 $B 5 ».00 1.25 0 0 

1,000 15.13 11.78 » 20 5.87 0.9 ) ) 

2.000 23.10 15.50 .73 160 1.00 0) 0 
- Injury was rated with a scale of 0-3 \ value of 3 In 

dicates severe injury: 2, moderate: and 1, slight injury 

Values in table are the sum of the injury valucs of 8 

replicates of each treatment. Maximum injury value possi 


ble is 24 


at all dosages appeared once on every plant 


\ similar 
technique was followed in applying the toxicants to 


the first true leaves of pinto bean 


Three days after 
application, the degree of phytotoxicity was evaluated 
using a numerical system of 0-3, from no injury to 
severe damage. 

Results.— Relative fungitoxicity and phytotoxicity 
of n-alkyl guanidines.—It has been shown in a number 
of instances that the biological activity of surface- 
active agents within a homologous series is dependent 
on the length of the hydrocarbon chain (13). The 
optimum chain length for maximum activity, however, 
is not the same for all organisms. Wellman and 
McCallan (18), for instance. demonstrated that the 
optimum chain length for fungitoxicity in a homolo- 
gous series of n-alkyl imidazolines is not the same as 
that producing maximum phytotoxicity. Similar ob- 
servations were made by Ross and Ludwig (12) for a 
homologous series of N-n-alkylethylenethioureas. When 
certain barriers such as seed coats and cell walls of 
the higher plant cells were removed, maximum fungi- 
toxicity and phytotoxicity in this series occurred at the 
same chain length 

The influence of the hydrocarbon chain length on 
the fungitoxicity and phytotoxicity in a homologous 
series of n-alkyl guanidine acetate compounds was in- 
vestigated. Available for this purpose were guanidine 
compounds that contained alkyl groups of 10, 11, 12 
(dodine), 13, 14, 16. and 18 carbons 

In fungitoxie tests there were only small differences 
in the effectiveness of homologs with alkvl groups of 


1] 16 carbons (Fig. l The ( homolog exhibited 
greatest toxicity toward S. pastorianus, whereas the 
C,, homolog was most toxic to M. fructicola. Toxicity 
drops off sharply with the ¢ ind Cyg members of 
the series. It appears that members of this series with 
alkyl groups of less than 10 carbons or more than 18 
carbons would possess low fungitoxicity. Guanidine 
acetate itself was not toxic to the veast cells. even at 
2000 ppm. 

Since the amount of inoculum used in the case of 
S. pastorianus (0.2 mg dry wt ml) differs widely from 
that used in the case of WM. fructicola (0.75 me dry 
wi ml) no comparisons can be made between the rela- 


tive toxicitv of the homol to the two organisms 
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In tests with comparable amounts of inoculum, M. 
fructicola was more sensitive to dodine than S. pas. 
torianus. 

Studies of the phytotoxicity of the homologs showed 
that the leaves of V. glutinosa and Pinto bean differed 
markedly in sensitivity to the toxicants. No injury was 
caused by any homolog applied to leaves of the bean 
plants in concentrations up to 2000 ppm. When the 
same concentrations were placed on glutinosa leaves, 
however, severe injury was caused by the higher con- 
centrations of certain members of the series (Table 1), 
It is apparent that phytotoxicity increases as the ho- 
mologous series is descended. with maximum toxicity 
occurring at the C,, homolog. Thus, in this series of 
alkyl guanidines, the optimum chain length for fungi- 
toxicity differs from that producing maximum phyto- 
toxicity. 

Judging from the results of these experiments it 
would appear that homologs other than dodine might 
warrant further investigation as fungicides for the 
control of plant diseases. There is an indication that 
the Cy, and Cy, 


homologs might afford protection 
against pathogenic fungi equal to or greater than that 
provided by dodine, but with less phytotoxicity. These 
homologs might be useful in the control of plant dis. 
eases in cases where phytotoxicity with dodine has 
been encountered. 

Effect o} the hydrogen-ion concentration on toxicity. 

The hydrogen-ion concentration of the external 
medium often affects the toxicity of ionic surfactants. 
Baker et al (1). for instance. demonstrated that the 
toxicity of cationic surfactants to Streptomyces aureus 
and to E. coli is enhanced by increased alkalinity of 
the external medium. 

The toxicity of dodine to S. pastortanus is also 
affected by the hydrogen-ion concentration of the ex- 
ternal medium. The respective concentrations of 
dodine necessary to inhibit 50°7 of the growth of the 
yeast at pH levels of 7.8, 6.9, 6.0, and 5.1 were 0.21, 
0.42, 1.78. and 4.2 ppm (Fig. 2). Thus. a 20-fold in- 
crease in the dosage of dodine is required to maintain 
a constant degree of inhibition of growth when pH of 
the external medium is lowered from 7.8 to 5.1. 

In this case it is unlikely that these changes in the 
hydrogen-ion concentration are influencing the toxicity 
of dodine by altering the charge of the guanidino 
group. Guanidino groups such as found in arginine, 
for instance, are strongly basic, with pK’s in the 
vicinity of 12.5 (4). Thus, over the pH range of these 
tests. the guanidino group of dodine would be fully 
ionized. It is considered most likely that the hydrogen- 
ion concentration influences toxicity in this case by 
affecting the magnitude of ionization of anionic sites 
such as carboxyl and phosphate groups of the cell sur- 
face to which dodine attaches. The pK’s of these 
groups are such that the degree to which they are 
ionized would vary with hydrogen-ion concentration 
within the pH range used in these experiments. 

In all experiments that follow, S. pastorianus was 
used at a concentration of 0.65 mg dry wt /ml instead 
of 0.02 me drv wt/ml. but WV. fructicola was used at 
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the same concentration as in the previous experiments. 
The ED-, value of dodine for the higher level of veast 
jis 6.02 ppm at pH 6.4 and 2.50 ppm for M. fructicola 
at the same pH. 

Uptake of dodine.—Miller et al (10, 11) have shown 
that spores of some fungi are capable ot rapidly ac- 
cumulating large amounts of toxic compounds from 
dilute solutions. A study of the uptake of “C-labeled 
dodine by yeast cells and by spores of M. fructicola 
showed that these organisms also accumulate large 
Eighty-five 
to ninety per cent of the dodine ultimately taken up by 


quantities of the toxicant very rapidly. 


the yeast cells was removed from the external medium 
during the first minute. Uptake by M. fructicola was 
somewhat less rapid, especially at the concentrations 
of 10 and 56.2 ppm. but the quantities taken up at the 
end of 3 minutes compared favorably with those taken 
up by yeast cells in the same period (Table 2). 

{ feature characteristic of cationic surface-active 
agents is their tendency to adsorb to glass. About 
33% of the dodine added to culture tubes was lost to 
the glass walls in the first minute in the absence of 
fungus cells. When the toxicant was added to culture 
tubes that contained fungus cells, however, the amount 
lost to glass was 20° of the quantity available. The 
adsorption to glass in the latter case was determined 
after removing the toxicant from the glass with 95% 
ethanol. Essentially all adsorption of dodine occurred 
in the first minute. Values in Table 2 are corrected 
for losses to glass. 

Effect of dodine on respiration —The effect of dodine 
on the ability of cells of S. pastorianus and of conidia 
of M. fructicola to oxidize glucose revealed interesting 
differences between the two organisms. In the case of 
S. pastorianus, the inhibition of oxygen uptake is 
closely correlated with inhibition of growth (Fig. 3). 
Germination of conidia of M. fructicola, however, was 
considerably more sensitive to dodine than the oxida- 
tion of glucose by these cells. A 3.16-ppm concentra- 
tion of the fungicide inhibited sport germination by 
54%, but actually stimulated the rate of oxygen up- 
take (Fig. 4). Even when germination was almost 
completely inhibited, the oxidation of glucose was 
reduced only 67%. 

There was no appreciable difference in the oxygen 
uptake by either organism when dodine was allowed 
to remain in solution with the cells or when the cells 


Table 2. 


{ ptake ot 14 labeled dodine by Saccharomyce 


Dodine 
available 


(ug 


Dodine fresh 

Organism (ppm) weight) | 

S. pastorianus 5.62 2.611 1.650 
10.0 1.629 3.240 
56.2 26.111 16.000 

V. fructicola 5.62 2.611 1.540 
10.0 4.629 1.720 
56.2 26.111 10.300 


s 


were pretreated with the toxicant and then washed 
before respiration measurements were made. 

The oxidation of pyruvate by the yeast cells was 
completely inhibited by 31.6 ppm of dodine, indicating 
an inhibition of enzymatic activity at some point in 
the aerobic portion of the respiratory system. 

Fermentation.—The fermentation of glucose by cells 
of S. pastorianus was strongly inhibited when they 
were pretreated with 31.6 ppm (EDgg) of the toxicant 
and washed before exposure to the substrate (Fig. 5). 
Inhibition was as marked when the cells were treated 
with this concentration of the toxicant and exposed to 
substrate without washing. 

Cell-free extracts from untreated cells of the yeast 
fermented glucose and HDP readily, but the fermenta- 
tion of these substrates was strongly inhibited in ex- 
tracts from cells treated with 31.6 ppm of dodine 
(Fig. 6). Thus it is apparent from these studies of 
fermentation by whole cells and by cell-free extracts 
that toxic concentrations of dodine affect one or more 
enzymes in the fermentative system of this yeast. 

The interesting observation was made that pyruvate 
under anaerobic conditions is metabolized much more 
rapidly by whole cells treated with 31.6 ppm of dodine 
than by untreated cells (Fig. 5). On the other hand, 
metabolism of pyruvate was more rapid in cell-free 
extracts from untreated cells than in extracts from 
cells treated with dodine (Fig. 6). 

It has been observed by others (3) that pyruvate 
ions are rapidly metabolized by yeast cells in the 
presence of oxygen but not under anaerobic condi- 
tions. Undissociated pyruvic acid is metabolized under 
both anaerobic and aerobic conditions. The failure of 
yeast cells to metabolize pyruvate ions under anaerobic 
conditions is attributed to the lowering of cell perme- 
ability under nitrogen (15). 

The results of the present experiments are in agree- 
ment with the observations that yeast cells do not nor- 
mally metabolize pyruvate under anaerobic conditions 
except that in S. pastorianus there is a weak metabhol- 
ism of this ion. Since cells treated with dodine readily 
metabolize pyruvate under anaerobic conditions their 
permeability to this ion has apparently been altered. 

{/dolase activity—The inhibitory effect of dodine 
on the enzyme aldolase and other enzymes occurring 
prior to aldolase in the fermentative pathway was 
studied by determining aldolase activity in cell-free ex- 


pastorianus and Monilinia fructicola 


Cumulative uptake of dodine ug/g fresh weight 


lime (minutes) 


, 5 10 ) 
1.890 1.930 1.940 1.940 
5.390 , 460 3.470 5.560 

17,700 18.600 18.400 18.309 
1.920 1.990 1.990 2,010 
2.890 2.970 3.270 4.399 

16.200 18.400 19.300 19,500 
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Table 3.— The effect of 31.6 ppm of dodine on the utilization of various substrates by intact cells and cell-free extracts 
of Saccharomyces pastoriar is indicated bv aldolase activity. 


Optical density at various intervals (minutes) : 


Substrate LO 20 30) th) 50 
Intact cells 
Fructose-1,6-diphosphat Control 0.0] 0.0] 0.03 0.04 0.05 
Treated 0.06 0.20 0.31 0.43 0.56 
Glucose-6-phosphat« Control 0.0 0.0 0.0 0.0 0.0 
Treated 0.0 0.04 0.02 0.03 0.03 
Cell-free extract 
Fructose 1.6-diphosph ite Control 6.07 0.25 0.51 0.75 0.95 
ited 0.04 0.12 0.18 0.26 0.32 
Intervals (minutes) 
3 6 i) 12 15 
Glucose-6 phosphate Control 0.06 0.12 0.22 0.48 0.76 
| | 0.05 0.07 0.06 0.07 0.08 
The activity was determined colorimetrical by measuring the optical density of the 2,4-dinitropheny]l hydrazine 
derivatives of the trioses und Kaline conditions 
tracts. When HDP was the substrate, aldolase ac- untreated cells would utilize glucose-6-phosphate, as 
tivity was inhibited 66 in extracts prepared from indicated by aldolase activity. This observation is in 


cells pretreated with 31.6 ppm of dodine (Table 3). 


With a substrate of glucose-6-phosphate, however 


there was practically no aldolase activity in extracts 
from cells treated with dodine, but aldolase activity in 
extracts from untreated cells was nearly as great as 
when HDP was the substrate 


Thus it appears that either phosphoglucoisomerase 


or 6-phosphofructokinase or both are strongly inhibited 
by dodine. The failure of cell-free extracts to ferment 
HDP also indicate that one or more enzymes between 
aldolase and carboxylase in the fermentative system 
are more strongly inhibited by dodine than is aldolase 


It is well known that intact cells of yeast do not 
metabolize exogenous sources of phosphorylated sugars 
such as HDP and glucose-6-phosphate. even though 
these compounds are: intermediates oft oluc ose me tabo 
lism. Permeability restrictions of the cell probably 
prevent the utilization of these substrates Since 
dodine apparently alters the permeability of the yeast 
cells sufficiently to allow them te ferment pyruvate 
the possibility was considered that such cells might 
also be made permeable to phosphorylated sugars 

The data in Table 3 show that cells pretreated with 


dodine are capable of utilizing HDP whereas untreated 


cells are inactive in this respect. Neither treated not 
Table 4.—Effect of dodi n the ws of 32P fron 
Saccharomyces pastorianus al / 7 f 

Loss of 82P (C/M) 

{ t rious intervals 

Dod I ninutes!} 

Organism (pp C/M 15 0) 60 
‘. pastorianus ( ontre I 10) 107 112 117 
104 ] | Te 962 1.321 
51.6 O8 1.422 1.72] 1.998 
2 ; 956 1.970 1.998 2.050 
V. fructicola Contro 689 403 296 145 110 
>. 689 122 213 29 155 
10.0 O89 2h 132 636 989 
17.8 O89 hy] 85 1.034 1.280 


accord with the results obtained with cell-free extracts 
where glucose-6-phosphate is not used by extracts 
from treated cells because of strong inhibition of 
enzymes occurring prior to aldolase in the fermenta- 
tive system. It therefore seems most likely that glu- 
cose-6-phosphate passed the permeability barrier in 
the cells treated with dodine, but was not metabolized, 
hecause the required enzymes were inactivated. 

Loss of cellular constituents.—The fact that cells of 
S. pastorianus metabolized HDP and fermented pyru- 
vate only after they were treated with dodine suggested 
that alteration of cell permeability may be an impor- 
tant feature in the mechanism of action of this fungi- 
cide. Further experiments of a different nature were 
made to determine the extent to which dodine alters 
permeability of fungus cells. 

Cells of S. pastorianus and conidia of M. fructicola 
lose phosphorus compounds and ninhydrin-positive 
substances when treated with toxic doses of dodine 
(Tables 4, 5). 


more prominent in S. pastorianus than in M. fructicola. 


Loss of cellular constituents is much 


In the presence ot 56.2 ppm ot dodine (Ean). cells 
of the former organism lost 65° of the *“P previously 
taken up. The loss of ninhydrin-positive substances by 
yeast cells was greater when this organism was pre- 


treated with 56.2 ppm of dodine than when they were 


1 able S. Comparative effectiveness ot various concen- 
trations of dodine and 70% ethanol in removing ninhydrin- 
positive substances from cells of Saccharomyces pastorianus 
and conidia of Monilinia fructicola as indicated by the 
optical density of the ninhydrin derivatives. 


S. pastorianus VW. fructicola 
Dodine ) tic al Dodine ) tical 
I we 
(ppm) density (ppm) density 
5.62 0.02 3.16 0.05 
10.0 0.22 5.62 0.08 
31.6 0.62 10.0 0.17 
56.2 0.87 17.8 0.47 


70% ethanol 0.8 70% ethanol 1.05 
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The effect of dodine on the oxidation of glucose by cells of Saccharomyces pastortianus and its effect on 


cells. 4) The effect of dodine on the oxidation of glucose by conidia of Moni/linia 


fructicola and 


its 


germination of 


these 


conidia. 5) 


The fermentation of glucose and of pyruvate by untreated cells of Saccharo- 


The 


fermentation 


ot 


olue ose, 


myces pastorianus and bv cells pretreated with 41.6 ppm ot dodine. 6) 


pyruvate, and fruc 








tose-1.6 diphosphate by cell-free extracts prepare d from untreated cells of Sa charomyces pastorianus and from cells pre 
treated with 31.6 ppm dodine. Each vessel contained 1 ml of a cell-free extract obtained from yeast cells of 4.9 mg dry 
weight \ glucose, B pyruvate, ( tructose 1,6-diphos phate, solid lime control, dotted line treated 
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Table 6.—-Effect of dodin: 


Initial 
activity 
Dodine in medium 
Organism ppm) C/M) 
Saccharomyces pastoriar Control 2 690 
10.0 2.690 
51.6 2.690 
2 2.690 
Vonilinia fructicola Contro 8.152 
6 152 
10.0 8.152 
) 8.152 
extracted with 70 ethanol I he loss of cellular con- 


stituents is closely correlated with toxicity of dodine 


to the growth of yeast cells 
The phosphorus con pounds lost by veast cells con 
phosphate, 


sisted of several types. including inorganic 


sugar phosphates and compounds with absorption 
maxima in the vicinity of 260 mu, probably purine and 
pyrimidine derivatives. The ninhydrin-positive sub- 
stances extracted either | ‘0 ethanol or by dodine 


almost entirely of 12 occurring 


consisted commonly 


amino acids. 
Inhibition ot spore germination of VW. fructicola by 


dodine is not closely correlated with losses ol cellular 


constituents caused by the toxicant. For instance. a 
5.62-ppm concentration of the fungicide inhibits germi 
nation by 92°, but causes hardly anv loss of phos 
phorus compounds and ninhydrin-positive substances 
(Tables 4, 5) At 17.8 ppm of dodine (ED,.). how 
ever. there is a considerable loss of these substances 


In both S 


more effective in prevent 


pastorianus and V. fructicola. dodine is 
phosphorus uptake than 


it is in causing the loss of phosphorus compounds 


taken up prior to exposure to the fungicide (Table 6) 
In the latter case. the phosphorus taken up and built 
into cell structure is probably not diffusible and thus 


} 


would not be lost to the external medium when per 


meability of the cells is altered bv dodine 
toxicity of dodine 


to the 


Discussion._It appears that the 


to cells of S. pastorianus results from damage 


cellular membrane and al from the inhibition of 


certain enzymes. Since the cell surface is the first vital 


site encountered by the toxicant. the primary action 


probably begins at this locus. Considering the exten- 


sive losses of phosphorus compounds and of amino 
acids from the cells, alteration of permeability alone 
is probably sufficient to account for the toxicity of 
dodine to these cells The remarkable efhcacy ot 
dodine in causing veast to lose cellular constituents 


is indicated by the fact that a 
of the 


51.6 ppm concentration 


toxicant will remove nearly as much ninhvdrin 


positive substance from the cells at 70 ethanol, a 


solution frequently used in quantitative extraction of 


free amino acids from cell 


It is presumed that the incipal effect of the hy 


Vol. 50 


on the uptake of -P by Saccharomyces pastortanus and Vonilinia fructicola. 


Uptake of 3°P (C/M) at various intervals (minutes) 


; 15 30 60 
1.215 2,173 2.544 2.583 

952 923 1,235 1.857 

117 187 188 280 

104 104 114 115 

Intervals (minutes) 

15 30 60 120 
1.310 2,211 6,006 7,195 
1,200 1,482 1,79] 1.863 

770 1,040 1.572 1,763 
L.O75 503 88 369 


drogen-ion concentration of the external medium in 
enhancing the toxicity of dodine is that of increasing 
at the cell surface the number of ionized phosphate 
and carboxyl attach, 
Since the hydrogen-ion concentration of the medium 


has a rather marked effect on the toxicity of dodine. 


groups to which dodine may 


with 
these groups at the cell surface plays a critical role in 
initiating the lethal action of the compound. The alkyl 
group is also important in determining the biological 


it appears that the interaction of the toxicant 


activity of guanidino compounds. This is indicated by 
the observation that guanidine acetate homologs of dif- 
alkyl toxicity to 
fungi and higher plants, and by the fact that guanidine 


acetate itself is not toxic to yeast cells. 


ferent chain lengths vary in their 


The attachment of dodine at the surface of yeast 


cells probably involves an ionic linkage between the 
guanidine ion and oppositely charged groups of the 
cell surface, and also an attachment of the alkyl group 
As a result of the 
attachment of the toxicant to the cell 


to nearby hydrophobic portions. 
surface it is 
possible that a mechanical stress is created that causes 
osmotic damage. A similar explanation of the attach- 


ment of surface-active agents to bacterial cells has 


been given by Dyar (2). 
While cells of S. 


pastorianus is a very prominent feature in the toxic 


alteration of permeability of 
action of dodine, it has been shown that the fungicide 
also strongly inhibits critical intracellular enzymes in- 
volved in carbohydrate metabolism. These data indicate 
that the fungicide is capable of penetrating the unaltered 
membrane of S. pastorianus or that it penetrates after 
it has modified the permeability of the membrane. A 
number of enzymes in various other phases of metabo- 
lism are probably also strongly affected by this toxi- 


cant. General protein denaturation, however, is ap- 


parently not caused by toxic levels of the fungicide, 
because the decarboxylase retains 


enzyme pyruvate 


much _ activity in treated cells. 

It might be argued that such compounds as glucose 
and HDP are not cells 
treated with dodine. because certain enzymes and co- 


fermented in extracts from 
enzymes are lost when these cells are washed following 


treatment with the toxicant. This seems unlikely. how- 
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ever. because fermentation of glucose by whole cells 
treated with dodine and left unwashed, was as strongly 
inhibited as in the cases where cells were washed 
following treatment. Furthermore, the lack of cofac- 
tors would not appear to be responsible for lack of 
activity since potassium, magnesium, phosphate, ATP, 
DPN, acetaldehyde, adenosine, and thiamine pyrophos- 
phate were added to cell-free extracts and also to 
whole cells in fermentation experiments. In measuring 
aldolase activity with glucose-6-phosphate as a sub- 
strate. the cofactor ATP was added, but there was no 
significant aldolase activity in whole cells or in cell- 
free extracts following treatments with dodine. Thus 
the lack of activity in this case appears to result not 
from a lack of cofactors but rather from an effect of 
dodine on enzymes. 


The toxic effects of dodine on conidia of M. fructi- 
cola appear to be somewhat different from those with 
S. pastorianus. Neither loss of cellular constituents 
nor inhibition of respiration Is closely correlated with 
toxicity of dodine to the conidia. A concentration of 
5.62 ppm of dodine, for instance, which strongly in- 
hibits germination (ED,.) of conidia of M. fructicola, 
causes practically no loss of phosphorus compounds 
and ninhydrin-positive substances from the cells. These 
data indicate that the primary toxicity of cationic sur- 
face-active agents does not always involve osmotic 
damage. A concentration of 17.8 ppm of dodine 
(ED.<). however. does cause considerable loss of cellu- 
lar constituents. At the higher level of dodine it ap- 
pears that a toxic mechanism involving alteration of 
permeability and a mechanism not involving changes 
in permeability may both be in operation in a popula- 
tion of these conidia. 

It is suggested that dodine at the lower concentra- 
tion inhibits germination of conidia of M. fructicola by 
interfering with vital anionic sites at the cell surface 
and possibly by interfering with certain vital enzymes 
other than those involved in the oxidation of glucose. 

Department of Botany, University of Maryland, Col- 
lege Park. 
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SUMMARY 

Apical meristems from greenhouse-grown Porto Rico 
sweetpotato plants infected with internal cork virus 
were dissected in sodium hypochlorite solution and 
grown aseptically on a nutrient medium. Young rooted 
plants that developed in 3-10 months were trans- 
planted to soil. After further growth these were multi- 
plied by vine cuttings for planting in the field. Clonal 
plants derived from 6 of neristems were free of the 


internal cork virus as evidenced by no internal necrosis 


in the harvested roots Phree roots trom plants of one 


meristem clone had symptoms, and these probably 
developed from one plant reinoculated by a virulif- 
erous insect during the growing season. The plants 
developed from apical meristems were also free of 
chlorotic foliage spotting, a syndrome presumed of 


virus etiology 





Practically all commercially grown sweetpotatoes 
(Ipomoea batatas (1 Lam.) in the Southeastern 
States are infected with internal cork virus. It has 
become exceedingly difficult to locate virus-free “seed 


stocks.” Many choice clones of the Porto Rico variety 
have become infected and their value thus impaired 


reliable 


infected 


for producing quality sweetpotatoes. A meth- 
internal cork 


ilitate the 


od of eliminating virus trom 
maintenance 


ston k 


tobac co 


plants would appreciably fa 


and production of virus-free propagative 


The demonstration of little or no mosalk 


virus on indicator ipical meristems of sys- 


suscepts I 


temically invaded tobacco plants (3) prompted other 


workers to culture meristems from virus-infected plants 
This p 


from infected 


rocedure has resulted in 
dahlia (4) 
This suggested its use for 
of the internal cork 


on artificial media 


virus-free plants potatoes 
(2,5). and carnations 
developing sweetpotato clones free 
virus. 


Materials and methods.— Apical meristems from in- 


fected Porto Rico vines wert iltured on a modified 
Knop medium in March and June. 1958. Infected 
roots were sprouted In a greenhouse at a minimum ot 
80°F. Apical meristem tissue was dissected from 
sprouts 8-10 in. long Phe ill leaves were cut from 
the terminal % in. of each sprout, and the sprout tip 


was immersed in Clorox sol (sodium hypochlorite 


5.25 g per L) The neriste was dissected while the 
forcep-held vine-tip was ewed through a stereos« opl 
microscope Usually 2-4 primordial leaves enclosed 
the meristems. The length of dissected meristems 
ranged from 0.4 to 1 mn he meristems were trans 
ferred directly to large culture tubes (25*200 mm 
containing 25 ml of mediun iving the following 
composition — pel liter Cat(NO 1H.0. O08 


KNOsz, 0.2 g; KH.PO,, 0.2 g: MgSO,.7H.O, 0.2 g- 
; 2 i eS i - ee. 


sucrose, 30.0 g: purified or washed agar, 10.0 g. Ty 
each liter of this basal medium was added: 1 ml of 
ferric citrate (1 g/200 ml), 1 mg pyridoxine, 1 mg 


ml of the fol. 
H.BO,, 


and ] 
liter of 


thiamine, 5 mg nicotinic acid, 


lowing solution of salts in 1 water: 


2.8 g: MnCl,.H.O, 18 g: ZnSO,.7H.O, 0.2 g; 
CuSO, .5H.O, 0.08 g: H.MO,.H.O, 0.02 g. Aseptic 


meristems grew until new plants developed. In a num. 
ber of cases, living meristems were transferred from 
desiccated to fresh medium. 

grown in a_ greenhouse 


The small plants 


Meristems were usually 
maintained at a minimum of 80°F. 
were transferred to water-saturated soil and protected 
from desiccation with polyethylene bags until they be. 
After 


tubes, 


came wel! established and resumed growth. 


young ‘oats were removed from the culture 


they we propagated in an area of the greenhouse 
screened against insects. As the vines lengthened they 
were multiplied by making vine cuttings. 
Results. The grew 
) 


slowly. Small plants having 2 or 3 leaves developed in 


meristems into plants rather 


3-10 months. About 10-50 plants from each of 7 meri- 
stems (5 cultured in March, and 2 in June, 1958) were 
planted in the field on May 15, 1959. The sweet potatoes 
were interplanted within an acre of land planted half to 
Irish potatoes and half to tomatoes. An attempt was 
made to disperse the plants of the meristem clones 
about the field to reduce the natural spread of internal 


cork virus in case some clones were infected. When 
there were more than about 25 plants of a clone, 
plants of these clones were transplanted at 2 or 3 
locations in the field. Few sweetpotatoes are grown 


Infected 
Porto Rico sprouts were planted on June 15 at the 
distant. 


in the area selected for the field planting. 


Clayton Experiment Station, about 35 miles 

The roots harvested from the meristem clones were 
compared with roots from infected plants for internal 
The 


September 25 and the infected plants on October 23. 


necrosis. meristem clones were harvested on 


During this interim roots from the meristem clones 
At harvest, the largest root (about 
from clonal plants and infected plants 


were held at 75°F. 
25 to 1 kg) 
was set aside for the examination following harvest 
(8). The remaining roots from the meristem clones 
and a sample from infected plants were incubated at 
75°F (6) 1960, for the second ex- 


Table 1 


roots 


until January 15. 


amination for internal necrosis. summarizes 


the incidence of internal necrosis in from meri- 
stem clones and jinfected plants for the 2 dates of ex- 
amination. 

Plants 


free of the 


meristems initially 
indicated by the 


were 


from all 
cork 


incidence of 


det ived 


internal virus as 


absence or low internal root necrosis. 


Apparently 1 plant of meristem No. 3 became re- 


infected with the virus during the growing season. 
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Table 1.—Roots with internal cork symptoms from 
infected plants and plants derived from apical meristems. 


Roots with internal necrosis 


Meristem clone 10/26 59 1/15/60* 
l 0 26 0/23 ' 
2 034 0/53 
} 1/28 2/59 
j 010 0/14 
5 05 0/20 
6 0/5 0/18 
7 04 0/24 
Infected plants 33/59 41/54 


‘Roots of meristem clones stored at 75°F for 112 days 
and those from infected plants 84 days. 

Numerator, roots with symptoms; denominator, roots 
examined. 


Plants of this clone were planted at 2 locations in the 
field. and the three roots with symptoms (1 observed 
on the first, and 2 on the second date of examination) 
came from the same location, whereas roots from the 
second location (31 roots) were without symptoms. 
It is postulated that reinfection resulted from inocula- 
tion by a windborne viruliferous insect. At the first 
examination. 56° of the roots from infected plants 
had symptoms. and 76° had symptoms at the second 
examination, 

Plants of existing Porto Rico clones free of the 
internal cork virus and those infected with the virus 
have chlorotic spotting and vein banding foliage symp- 
toms. Foliage of the meristem clones appeared to be 
free of these chlorotic symptoms, which had already 
been achieved by Holmes, who propagated stem-tip 
cuttings (1). 

Discussion.— Additional work must be done to 
determine the length of meristem or vine tip that can 
be safely used and still obtain plants free of the in- 
ternal cork virus. Vine tips more than one mm long 
would probably develop into young plants much more 
quickly and shorten the interim between meristem dis- 
section and propagation in the field. 


CHEMOTHERAPY OF CEREAL RI 
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SUMMARY 
Wheat leaf rust. wheat stem rust, crown rust of 
oats, and powdery mildew of bean and wheat are in- 
hibited by a new antibiotic (P-9) derived from a 
Streptomyces sp. It is highly potent, persistent, fast 
acting. and translocatable. Significantly, P-9 is non- 
phytotoxis 





The use of antibiotics to control cereal rusts has 
received relatively little attention. Silverman and Hart 
(3) and Wallen (4) investigated the eradicative prop- 


erties of a few antibiotics and found that only Acti- 
dione controlled wheat stem rust in the laboratory. 


Chemotherapeutic levels were phytotoxic, however 


The two most serious problems encountered in 
growing-out the apical meristems were contamination 
and desiccation of the medium. A large proportion of 
the meristems were aseptic following the sodium 
hypochlorite treatment, if the meristem donor was 
grown in the greenhouse. Fifteen apical meristems 
were dissected from greenhouse grown sprouts in 
March, 1958, and 8 of these grew into plants. Vine 
tips taken from a field plant bed were too heavily 
contaminated with microorganisms to be disinfested 
by the sodium hypochlorite solution. In one test, 20 
meristem cultures were all contaminated. The same 
was true of meristems taken from greenhouse grown 
sprouts heavily infested with aphids. Placing the 
culture tubes in plastic bags retarded desiccation of 
the medium, but, because of the high relative humidity, 
precautions must be taken to prevent the growth of 
contaminating organisms through the cotton plug or 
other seal of the culture: tube.—-Department of Plant 
Pathology, North Carolina State College, Raleigh. 
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STS WITH A NEW ANTIBIOTIC 
D. Davis. L. Chaiet. J. W. Rothrock. J. 


Deak. S. Halmos and J. D. Garber 


Hacker and Vaughn (1, 2) and Wallen (5) tested 
various nonphytotoxic derivatives of Acti-dione in 
both laboratory and field. Although laboratory studies 
showed that postinoculation treatments were not thera- 
peutic (1), field data indicated that the Acti-dione 
derivatives protected wheat from stem rust for a con- 
siderable time after treatment (1, 2, 5). 

\ new antibiotic of high chemotherapeutic potency 
in the control of cereal rusts has been found at the 
Merck Sharp & Dohme Research Laboratories. The 
antibiotic, produced by a Streptomyces sp., is coded 
P-9. 

Methods and materials. Biological assay.—Unless 
otherwise stated, the wheat leaf rust syndrome was 
used as the index of P-9 activity. Little Club wheat 


ean ar 
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Table 1.—The relative potency of P-9 and Acti-dione in 
the control of leaf rust on Seneca wheat as measured by the 
standard eradicant assay. The P-9 used in this experiment 


is at most 3% pure 


Conc. 
\ ne ot pustules pel leaf 

ppm. P-9 Acti-dione 
100 0 0 

50 | 2 

25 6 20 

10 0) 80 

5 ) BU 

] 80 80 

0 80 80 


"Many 0;-type infections 
Severe leaf burn 
Moderate leaf burn 
'Slight leaf burn 


(Triticum compactum Host) or Seneca wheat (Tri- 
ticum aestivum L.) were the hosts. and Puccinia 
rubigo-vera (D.C.) Wint. f. sp. tritici (Erikss.) Carl- 


son, race 9. was. the pathogen. Inoculation was 


accomplished by brushing leaves containing ripe 


uredinial pustules over the surface of wheat leaves 


wetted with a solution containing 0.05% Tween 20. 
The inoculated plants were incubated 18 hours at 70°F 
and 100% 


made 10 days after inoculation. The 


relative humidity. Disease readings were 
“standard eradi- 
cant assay referred to in the text is based on the treat- 
ment of wheat seedlings at the one-leaf stage with an 
aqueous solution of P-9 in dosage series. The treat- 
inoculation. A De 


pressure was used 


ments were applied 2 days after 
Vilbiss No. 152 atomizer at 15 Ib. 
to apply the test samples. The leaves were always 
sprayed to run-off. 

Isolation and partial characterization of P-9.—An 
isolate of P-9 can be prepared in the following manner: 
The fermentation beer is concentrated and_ treated 
with 7 volumes of methanol, the methanol filtrate is 
treated with 2 volumes of acetone, and the acetone 
precipitate can be further purified by cresol extraction 
The anti-rust activity is not extracted appreciably into 
the common organic solvents except phenols. It can 
florisil, Duolite S-30 
resin, carboxylic acid resin, and sulfonic acid resin. 
Isolates of P-9 are stable at neutral and alkaline pH 


in aqueous solutions. It is somewhat less stable in 


be adsorbed on charcoal. clay. 


acid. It is completely water soluble and dialvzable 


Table 2. 


Persistence and translocation of P-9 in Little Club Wheat. 


Vol. 50 
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Fig. 1. The distribution of leaf rust pustules on Seneca 
wheat leaves treated with P-9 in a localized area. The space 
between the dotted lines denotes the area of applic ation. The 
number under each leaf indicates the #g of P-9 solids that 
were placed on the filter paper attached to the leaf. A 50- 
ppm solution of the P-9 sample used in this test caused 
100% disease reduction in the standard eradicant assay, 


Infra-red, nuclear magnetic resonance, and ultraviolet 
absorption tests on the purest isolate obtained to date 
were uninformative. 

Results..-The experiments reported below were per- 
formed with materials in various stages of purification, 
The purest preparation induced complete eradication 
at 3 ppm in the standard eradicant assay. Even this 


judged impure by various 


{ comparison of the potency of P-9 


material, however, was 
physical criteria. 
with Acti-dione reveals that P-9 is at least 30 times as 
active (Table 1). 

\ measure of the persistence and translocation of 
P-9 is shown by the data in Table 2. First, it will be 
noted that P-9 protects the foliage for at least 12 days 
after treatment. Second, the first new leaf (leaf no. 4) 
formed after treatment is protected from rust infection 
if the interval between treatment and inoculation is not 
extended beyond 6 days. 

Another expression of P-9 activity above and below 
the point of application is graphically demonstrated 
in Fig. 1. P-9 solutions were applied to |-sq-em filter 
pads, which upon drying were clipped to an inocu- 
lated leaf 1 em below the apex. The attached cellulose 
pads were re-wetted with one drop of a solution con- 
taining 0.05% Tween 20 and incubated 3 hours at 
70°F in a moist chamber. The treatment was started 


2 days after inoculation. 


P-9 was applied at the dose that produced 90% 


control in the standard eradicant assay 
Interval, Av. no. of pustules, leaf 
treatment to No. leaves fully No. leaves Treated Control 
inoculation exposed at time it time of Leaf position Leaf position 
(days) of treatn inoculation l 2 } 3 i 2 5 } 5) 
6 2 } 0 0 17 3 5] 60 103 26 
12 2 ) } 7 275 400 77 52 133 305 132 133 
trd leaf was just emerging from the whorl of the second leaf at the time of treatment. 


Leaf no. 1 is the basal 
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Table 3.—The effect of postinoculation wash-off in Little 
Club wheat. P-9 applied at 4 times the dose that produced 
90% control in the standard eradicant assay. 


Av. no. of pustules per leaf 
Interval, treatment to wash-off (min)* 


Interval, 
[Inoculation to 


treatment (days) Untreated Ib 30 @ Unwashed 


l 80 7 2 7 0 
2 80 50 30 8 0 
3 80 53 53 37 0 
i 80 60 57 10 60 


*A set of untreated inoculated plants were washed at the 
same intervals noted in the table. In all instances, the num 
ber of pustules per leaf was greater than 80. 


The effect of pre- and postinoculation wash-off on 
the antifungal activity of P-9 was investigated to obtain 
a measure of resistance to weathering. The P-9-treated 
wheat foliage was washed with distilled water at 15 Ib 
pressure with a De Vilbiss No. 152 atomizer held 3 in. 
from the leaf surface. The leaves in each pot were 
washed for 2 minutes. Pre-inoculation wash-off data 
suggest that P-9 is partially destroyed or diluted in the 
tissues within a few hours after the spray deposit is 
removed from the leaf surface. Whereas, the untreated 
leaves had greater than 80 pustules per leaf, leaves 
treated with P-9 72 hours prior to inoculation and 
washed free of the spray deposit just prior to inocula- 
tion, had an average of 60 pustules per leaf. On the 
other hand, the data in Table 3 demonstrate that treat- 
ment and wash-off after inoculation gives marked dis- 
ease control. A leaf surface contact interval as brief as 
15 minutes is sufficient for P-9 to inhibit disease de- 
velopment, whether the treatment is 1 or 4 days after 
inoculation. The same concentration of P-9 was used 
in both the pre- and postinoc ulation wash-off experl- 
ments. 

P-9 also controlled the following diseases: wheat 
stem rust (Puccinia graminis f. sp. tritici Erikss. & 
E. Henn., race 15B) on Seneca wheat. crown rust of 
oats (Puccinia coronata Cda. var. avenae Fraser & 
Led., race 80) on Clinton oats, powdery mildew 
(Erysiphe graminis DC.) on Seneca wheat. and pow- 
dery mildew of bean (Erysiphe polygoni DC.). In all 
cases, treatment followed inoculation by 2 davs. Oat 


crown rust was eradicated by the same concentration 
required to control wheat leaf rust, whereas 2-5 times 
as much P-9 was needed to eradicate the other dis- 
eases. It should be noted that P-9 induced a deforma- 
tion in bean leaves formed after treatment. Not con- 
trolled by P-9 were bean rust (Uromyces phaseoli 
(Pers.) Wint.), early blight of tomato (Alternaria 
solani (EL & G. Martin) Sor.), late blight of tomato 
(Phytophthora infestans d By.) and bacterial spot of 
tomato (Xanthomonas vesicatoria (Doidge) Dowson). 

Conclusions.— This investigation demonstrates that 
fermentation broths are capable of yielding translo- 
catable wide-spectrum cereal rusticides of very high 
potency. Most significantly, P-9 is nonphytotoxic. The 
mode of action of P-9 is uncertain, but the following 
points should be noted. P-9 is nonfungitoxie to a num- 
ber of filamentous fungi and does not inhibit stem rust 
uredospore germination (personal communication 
from Dr. John B. Rowell). Furthermore, in the case 
of stem rust infections, it was observed that, although 
P-9 markedly reduced the total number of lesions, the 
few lesions that appeared were of type 4 on a wheat 
variety (Seneca) that responded to race 15B uredospore 
infection with type 3 lesions. Also of significance is 
the fact that P-9 is inhibitory only in situations in- 
volving obligate parasitism. These observations sug- 
gest that P-9 is not directly fungitoxic to the pathogens 
in question. Subtle changes in host metabolism in- 
duced by P-9 may be responsible for its disease-re- 
tarding activity—Merck Sharp & Dohme Research 
Laboratories, Rahway. New Jersey. 
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SUMMARY 


A fluorescent phenolic compound that increases in 
concentration in the peel of fruits and leaves of several 
apple varieties infected with either V enturia inaequalis 
or Podosphaera leucotricha is considered to be a prod 
uct of the host, not the parasite, since it is produced 


in response to 2 parasitic organisms, occurs in trace 


and is not found in cul- 
. inaequalis. The 


quantities in healthy tissues 
ture filtrates or mycelial extracts of } 
increase may be a response to the invasion of these 
parasites since it was found to occur in mechanically 


injured tissues 





The external physical symptoms ol plant diseases 


are preceded by and, in part, result from internal bio- 
chemical changes. These result from an altered me- 
tabolism and can be detected and measured in dis- 
eased tissues by changes in the biochemical composi- 
tion and enzyme activity (3, 6. 11). Herein are pre- 


sented the results of investigations of such changes in 
apple tissues infected with } enturia inaequalis (Cke.) 


Wint. and Podosphaera leucotricha (E. & FE.) Salm. 
Materials and methods.--[solates of V. inaequalis 
were chosen on the basis of pathogenicity on host 
varieties (12, 14) and growth characteristics in cul 
ture. Representative isolates of 3 races were used. 
The host plants (Table 1) used were selected for 
their value in differentiating genes for pathogenicity in 


(12,14) Host 


young potted trees in the greenhouse and young trees 


V. inaequalis material consisted of 
Resistant and susceptible-reacting tis- 


384-1 | McIn- 


were pro- 


in the orchard. 
sues of the Geneva variety and seedling 
tosh * 45-39 (R12740-7A 


vided by inoculating with appropriate races. 


Delic ious) 
Resistant 
(irregular 


reactions are indicated by reaction class 2 


to regular necrotic or chlorotic lesions without sporu- 
lation) and susceptible reactions are indicated by re- 
action class 4 (extensive lesions with abundant 
A time study 


uninoculated shoots of the Geneva variety. 


sporu 


lation). was made with inoculated and 


| he iIno¢ u- 


lated shoots provided resistant- and susceptible- 
reacting tissues: the uninoculated shoots provided 
healthy tissues. Collections of tissues were made 40, 


80, 120, 160, and 200 hours and 12. 18. and 23 days 


after inoculation. 
Tissues were immersed immediately in 50 meth- 
anol, at room temperature, on collection and homoge- 


a Waring Blendor. The 


filtrate of the homogenate was fractionated with ethyl 


nized at room temperature in 


acetate. The water fraction was further fractionated 


with acidic lead acetate Excess lead acetate was re- 


moved from the soluble fraction with sodium oxalate, 
Chis salt was also used to regenerate the insoluble 
lead 


moved before chromatography by 


salts 
precipitation with 
ethanol. These three fractions (ethyl acetate soluble; 


acetate precipitates. Inorganic were re- 


water soluble—lead acetate soluble: water soluble— 
lead acetate insoluble) were adjusted to 1 ml per 2 g 
fresh material and chromatographed on Whatman No, 
| filter paper with n-butanol—acetic-acid—water (4:1:1) 
Chromatograms were devel- 


10): brom cresol 


as a descending solvent. 
oped with the following sprays (2, 
diazotized sulfanilic acid, ferric chloride, HCl- 


green 
sucrose, Millon’s reagent, ninhydrin, and potassium 
permanganate, 

Results..-Barnes (1) had noted an increased con- 


centration of a fluorescent phenolic compound in dis- 
In a repeat of his experiments the 
No other 
differences were detected between healthy and diseased 


eased tissues. 


presence of the compound was confirmed. 


tissues on chromatograms of the three fractions sprayed 
with each of the reagents above. 

leaves of the varieties Jonathan, Gallia 
Beauty, Golden Delicious. Geneva. and 384-1 contained 


In Geneva 


Diseased 


a higher concentration than healthy leaves. 
384-1 
ceptible host-parasite combination than in the resistant 
standard of eluate of 
the fluorescent compound against optical density at a 


and the concentration was higher in the sus- 


combination. A curve of ml 
wave length of 310 my permitted an estimation of the 
relative increase in concentration as expressed in units 
per ml. Ten days after inoculation, the variety 384-1 
contained the following concentrations in units per 
ml: 1.3 in healthy tissues, 18.3 in resistant-reacting 
tissues, and 25.9 in susceptible-reacting tissues. Thus, 
19-fold 
seems reasonable to assume that this occurs in infected 
much 


there was a 14 increase in concentration. It 


areas and. therefore, the increases would be 


higher since whole leaves were extracted. Observations 
indicated a 
10 hours to 


of chromatograms under ultraviolet light 


continued increase in concentration from 


23 days after inoculation. In uninoculated tissues, the 
compound occurred in trace quantities with some in- 
crease with age, but concentrations were always lower 
than in inoculated infected tissues of corresponding 
age. Since the fruit of each variety is susceptible or 
resistant in the same respect as the leaves, extracts of 
the peel of fruits of these varieties were studied and 
a similar increase in concentration in diseased tissues 
was noted. Since healthy and diseased fruit were col- 
lected in the orchard, no time studies were made. To 
determine if the increased concentration of this com- 
pound is a with V. 
the leaves of Jonathan. Geneva. and 384-1, 


naturally infected with Podosphaera leucotricha, were 


specific response to infection 


inaequalis, 
examined. Increased concentrations were observed in 
infected tissues, indicating that this is not a specific 
response to V. inaequalis, 

To determine if this response was due to a mechani- 
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Table 1.—Host materials and their reactions to the three 
races of Venturia inaequalis. 


Reaction * types induced with races: 


Variety or selection l 9 : 
Jonathan { ; 
Gallia Beauty { { 
Golden Deli 1ous 1 { 
Geneva 9 5 

2 | 9 


384-1 
*Reaction class 2 (irregular to regular necrotic of 


chlorotic lesions without sporulation) ; reaction class 4 (ex- 
tensive lesions with abundant sporulation). 


cal or biochemical stimulus, leaves of the Geneva 
variety were rubbed with 600-mesh carborundum to 
cause visible pigmentation. After 3-5 days they were 
extracted. No increase in the concentration of the 
compound was found in 4 replications. Similarly, no 
increase in concentration could be demonstrated with 
pin-pricked leaves, pin-pricked fruit. or aphid-injured 
leaves. Neither could the compound be detected on 
chromatograms of culture filtrates of mycelial extracts 
of V. inaequalis. 

The compound was purified for examination of its 
chemical and physical properties. Diseased leaves 
were immersed immediately in 100°, ethanol on col- 
lection and homogenized in a Waring Blendor at room 
temperature. The filtrate of this homogenate was 
passed through a cellulose column. The column was 
rinsed with 100°, ethanol and eluted with water. This 
fraction was concentrated under reduced pressure, and 
acidic lead acetate was added. The excess lead acetate 
was removed from the filtered soluble fraction with 
sodium oxalate, and the inorganic salts were precipi- 
tated with ethanol. The soluble fraction was concen- 
trated again and chromatographed with n-butanol 
acetic-acid—water (4:1:1). The separated compound 
was eluted with water and chromatographed and 
eluted additional times with water and with 50% 
ethanol for further purification. 

The compound is soluble in acetic acid, ethanol, 
methanol, water, 2.4.6-trimethylpyridine. and aqueous 
acidic lead acetate: and insoluble in aqueous basic 
lead acetate, benzene, chloroform, ether, ethyl acetate, 
toluene. and xylene. Adsorption occurs on charcoal 
and elution occurs with large quantities of water 
(recommended by Holoczak). The compound is ad- 
sorbed on cellulose from 100° ethanol solutions and is 
eluted with water. Amberlite IRC-50 charged with 
acetic acid retains the compound. and dilute acetic 
acid elutes it. Amberlite IR-4b and acidic and basic 
Dowex resins were unsatisfactory in that the com- 
pound could not be recovered from the effluents and 
various eluants failed to elute it. It is not known if 
the compound was not eluted or decomposed by the 
pH of the resins. The compound exhibits a maximum 
absorption at 310 my and a minimum at 260 my (Fig. 
1), and a shift of 20-25 my of its spectrum to higher 
wave lengths on the addition of aluminum chloride. 

The compound has Rr values of 0.26 in n-butanol 
acetic-acid—water (4:1:1) and 0.80 in 50°) ethanol 
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with no migration in benzene—acetic-acid—water (or- 
ganic layer of a 6:7:3 mixture) or ammonia-saturated 
n-butanol. The following characteristics were deter- 
mined after separation by paper chromatography: 
blue-white with ultraviolet; purple with ferrie chlo- 
ride; orange-brown with diazotized sulfanilic acid; 
yellow with Millon’s reagent; yellow with potassium 
permanganate; negative with ninhydrin, p-anisidine- 
HCl, and Kl-starch. Hydrolysis was partial with 
boiling for 30 minutes in 0.1N NaOH or HCl, and 
complete in LV solutions. The hydrolysate contained 
a blue-white fluorescent phenolic compound that is 
soluble in ether and migrates to an Rr of 0.89 in n- 
butanol—acetic-acid—water (4:1:1) and 0.58 in 50% 
ethanol. 

Discussion._-The compound is phenolic in nature, 
but is most likely a glycoside or some other derivative 
since the phenolic product of hydrolysis is soluble in 
nonpolar solvents, i.e., ether, whereas the parent com- 
pound is insoluble. Some flavonoid compounds such 
as dihydroquercitin and 6-methoxy-benzoxazolinone 
(9) have spectra similar to that of this compound. Six 
different glycosides of dihydroquercitin have been iso- 
lated from the epidermis of apple fruit (13). The 
unknown compound exhibits a shift of 20-25 my of 
its spectrum to higher wave lengths on the addition 
of aluminum chloride. Geissman et al (4) and 
Harborne (5) report that aluminum also causes a 
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Fig. 1.—The effect of AlCl, on the absorption spectrum of 


the fluorescent phenolic compound present in diseased apple 


tissues. Solvent: water. One drop of 1% aqueous AICl, was 
added to the cuvettes to determine the shift. 
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shift of 16-35 mp to higher wave lengths in the spec- 
tra of flavonoid compounds with a free 3°4-dihydroxy 
grouping, whereas isoflavones with such configurations 
exhibit no shift. 

There would appear to be no correlation of this 
phenolic compound to those phenolic host metabolites 
that Kirkham (7, 8) has tested since his materials were 
extracted with ethyl acetate and this compound is in- 
Kirkham found that the nor- 
mal phenolic host metabolites (extractable with ethyl 


soluble in that solvent 


acetate and soluble in water) inhibited the develop- 
ment of the pathogen in vitro and suppressed the de- 
velopment of sporulation when injected into the host. 

The compound is considered to be a product of the 
host, not of the parasite, since it occurs in trace quantl- 
ties in healthy tissues, it increases in concentration in 
tissues infected with either of two parasitic Organisms, 
and it has not been detected on chromatograms of cul- 
ture filtrates or mycelial extracts of V. inaequalis. It 
may be that the increased concentration is a response 
to the invasion of certain parasites, but apparently not 


to mechanical stimuli. 


Concentrations were higher in susceptible-reacting 
tissues, but concentrations per cell may be higher in 
resistant-reacting tissues, since whole leaves were ex- 
tracted and resistant lesions are much smaller than 


susceptible ones. It may be, then, that the quantity 


of this compound is a significant difference between 


susceptible- and resistant-reacting tissues. The com- 
pound continues to increase in concentration to 23 
days after inoculation and would not appear to be an 
early product of host-parasite interaction. It would 
seem that the concentration of this compound would 


whic h 
the 


process of pathogenesis. and therefore be more signifi- 


be an indirect measurement of a_ precursor 


would occur in higher concentrations earlier ir 


cant to that process. Identification of the compound 


would permit a study of its biosynthesis, metabolism, 
and toxicity to host and parasite. This would provide 
for a critical evaluation of the role of this compound 
and its precursors in biochemical host-parasite inter- 
actions.—Department of Botany and Plant Pathology, 


Purdue University, Lafayette, Indiana. 
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SUMMARY 

Water extracts of rice yield one or more inhibitors 
that prevent the infection of various susceptible plants 
by 12 of 15 viruses tested. The data suggest that the 
inhibitory action is a host response rather than a 
virus response. A local-lesion bioassay based on the 
reaction of Pinto bean to infection by tobacco mosaic 
virus (TMV) was used to characterize the inhibitors. 
The inhibitors of TMV occurred in fresh, frozen, and 
dried leaves; flowers: roots; macerated whole grains: 
refined rice oil; converted rice grains; culms; and 
rice polish. All 12 rice varieties tested were sources of 
the inhibitors. The dilution end-point was about 
1:3000 (fresh weight) for leaf and root extracts and 
1:13,000 (dry weight) for rice polish. Thermal-in- 
activation studies suggested the presence ol 2 or more 
inhibitors, at least one labile above 60°C and at least 
1] stable at 100°. The extracts showed virus inhibition 
when they were applied to the lower surface of bean 
leaves and TMV was applied to the upper surface. The 
extracts prevent infection when applied and then im- 
mediately rinsed off 1 or 2 days before application of 
virus inoculum. 





Plant-virus inhibition by plant extracts was first re- 
ported by Duggar and Armstrong (4), who demon 
strated that the sap of pokeweed, Phytolacca decandra 
L.. mixed with tobacco mosaic virus (TMV) prevents 
infection of tobacco. Other investigators later reported 
virus inhibition by plant extracts from carnation, 
Dianthus caryophyllus L. (11): spinach, Spinacea 
oleracea L. (9): and New Zealand spinach. Tetragonia 
expansa Thunb. (3). The subject of virus inhibitors 
from plants has been extensively reviewed (2. 5, 11). 

During investigations of the susceptibility of rice. 
Oryza sativa L., to mechanically transmitted cereal 
viruses (8), the senior author suspected a virus in- 
hibitor in rice. To test this hypothesis. susceptible 
cereals were inoculated with brome grass mosaic, bar- 
ley stripe mosaic, or wheat streak mosaic viruses mixed 
with rice leaf extracts. In addition, Pinto bean leaves 
were inoculated with TMV mixed with rice extracts. 
The rice extracts prevented the infection of beans by 
TMV but failed to prevent infection of wheat or barley 
by the cereal viruses. 

Investigations were therefore initiated to charac- 
terize the inhibitor of TMV and to determine the effec- 
tiveness of rice extracts in preventing infection by 
other plant viruses. A preliminary report (1) of some 
of these investigations and a report 17) on the chemi- 
cal characteristics of the inhibitor have been published. 

Materials and methods.—J] jruses.The viruses em- 


ployed in these investigations were 1) TMV, Marmor 


tabaci H.; 2) tobacco necrosis virus, Marmor lethale 
H.; 3) tobacco ringspot virus, Annulus tabaci H.; 4) 
potato virus X, Annulus dubius H.; 5) bean common 
mosaic virus, Marmor manifestum Frandsen; 7) south- 
ern bean mosaic virus, Marmor laesiofacians Zaumeyer 
& Harter; 8) vein necrosis virus (strain of alfalfa 
mosaic virus, Marmor medicaginis H.); 9) pod-mottle 
virus, Marmor valvolarum Zaumeyer & Harter; 10) 
alfalfa yellow mosaic virus, Marmor medicaginis var. 
flavorians Zaumeyer; 11) yellow patch virus (strain 
of alfalfa mosaic virus); 12) wheat streak mosaic 
virus, Marmor virgatum var. typicum McKinney; 13) 
barley stripe mosaic virus; 14) bean red node virus; 
and 15) a new, unnamed strain of alfalfa mosaic virus. 

Tobacco necrosis virus was furnished by R. W. 
Fulton, TMV by H. H. Thornberry, tobacco ringspot 
virus by W. B. Allington, potato virus X by R. E. 
Webb, barley stripe and wheat mosaic viruses by H. H. 
McKinney, and the others by W. J. Zaumeyer. 

Inoculum preparation—-TMV inocula for local- 
lesion bioassays were prepared from infected Havana 
38 tobacco by either of two methods. In one method, 
the tissue was dried according to the method of Me- 
Kinney (10). Usually 0.1 g of dried tissue with 5-10 
ml of water added was ground in a mortar. Then the 
extract was expressed through cheese-cloth and diluted 
to a final volume of 30 ml. In the second method, tis- 
sue was frozen and thawed. Then the sap was ex- 
pressed with a hydraulic press and clarified by heat- 
ing for 10 minutes at 50°C followed by low-speed cen- 
trifugation. The supernatant was diluted with 9 vol- 
umes of water and frozen in 10-ml portions. 

The inocula for all other viruses were prepared by 
grinding in a mortar fresh tissue to which 10-20 ml 
of water had been added. The juice was then squeezed 
out through 6 layers of cheese-cloth. 

Inhibitor preparation.-The inhibitory components 
were extracted from fresh rice leaf-blade tissue or 
from rice polish unless otherwise stated. Extracts of 
leaves were usually prepared by grinding in a mortar 
10-20 ¢ of laminae with 5-10 ml of water added, and 
then squeezing out the juice through 6 layers of 
cheesecloth. An alternate method consisted of macerat- 
ing leaf tissue in a blender and squeezing out the juice 
through cheesecloth. Preparations from rice polish, 
used in most of the investigations, consisted of 1% 
suspensions of polish in water. In most experiments, 
the suspension was allowed to settle for about 2 min- 
utes, and the decantate was used as the inhibitor 
source. Rice polish was supplied by W. N. Harris, 
Arkansas Rice Growers Cooperative, Stuttgart, Arkan- 
sas. 

\ quantitative test with 
TMV on beans, based on the local-lesion assay pro- 


Veasurement of inhibition. 


cedure described by Holmes (6), was used for ascer- 
taining the relative inhibition by various rice extracts 
as compared with appropriate water controls. The 
two primary leaves of 7- to 10-day-old bean plants 
(Phaseolus vulgaris L. var. UI 111 Pinto) were dusted 
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with Celite (grade 545) or Carborundum (600 mesh) 
and then inoculated with TMV by rubbing with the 
inclined blade of a ground-glass spatula dipped into 
h stroke 


the leaves were supported by a folded and notched in- 


the inoculum prior to ¢ During inoculation 


dex card backing, 4 layers thick. One leaf of each pair 
was rubbed with the TMV-inoculum diluted with an 
equal volume of rice extract, and the other was rubbed 
with inoculum diluted with an equal volume of water: 
then, unless stated otherwise, both leaves were rinsed. 
The inoculated plants were incubated in a greenhouse 
at about 70—-85°F in summer and 70—75° in winter. 
The numbers of lesions on the inoculated leaves were 
determined 5-7 days after inoculation. Lesion count- 
ing was facilitated by the illumination and slight mag- 
nification afforded by a Quebec colony counter. Rela- 
tive inhibition was determined by the following calcu- 
lation: 

mean no le SiOnLS 

on leaves inocu 

Relative inhibi lated with virus- 


: rice extract MIX 
tion (lo al 


ized infection ) 100 
mean no lesions 
ol le ives noc 
lated with virus 


water mixture 


\ semi-quantitative test was used to determine rela- 
tive inhibition for all other host-virus combinations. 
The inocula were ipplied with cheesec loth pads to the 
Carborundum- or Celite-dusted leaves of the test plants. 
The plants were then rinsed with tap water. For local- 
lesion responses, relative inhibition was ascertained by 
the calculation used in the TMV-Pinto bean bioassay, 
given previously. For systemic responses, relative in- 


hibition was determined by the following calculation: 


per cent of plants 
nfected hy virus 
rice extract mix 


‘ ture 
Relative inhibition 100 100 


per cent of plants 
infected by virus 
water mixture 


} 


Results.—/nhibition of TMV infection of beans by 
rice extracts. Rice extracts contain an inhibitor or 
inhibitors that prevent infection of beans by TMV. In 
10 trials of 10-20 plants each, leaves inoculated with 
TMV plus rice extract averaged 0-3 lesions whereas 
opposite primary leaves inoculated with TMV plus an 
equal volume of water averaged 75-100 lesions. 
Inhibition of infection in other host-virus combina- 
tions. Rice extracts were added to inocula of 14 ad- 
ditional plant viruses and relative inhibition cal ulated 
for local and systemic infections of several hosts 
(Table 1). Rice extracts did not inhibit 3. viruses 
(potato virus X, barley stripe mosaic virus, and wheat 


streak mosaic virus) on any of the host plants tested. 
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However, rice extracts inhibited infection on at least 
one host by 11 other viruses. Rice extracts inhibited 
infection by 10 viruses known to infect beans, regard- 
less of whether the infection was systemic or local. Of 
these 10 viruses, 7 are also known to infect cOw peas, 
On cowpeas, the relative inhibition of these 7 viruses, 
as shown in Table 1, was 94, 66, 64, 58, 56, 13, and 9, 
indicating that one virus was inhibited, 4 others were 
partially inhibited. and 2 others were inhibited but 
slightly if at all. 

Location of inhibitor in rice.—Extracts of various 
portions of rice (var. Caloro and Zenith) were found 
to be sources of TMV inhibitor when tested by means 
of the bioassay. The relative inhibition was 98-100 
with water extracts of fresh, frozen, sun-dried, or oven- 
dried (104°F) leaves from 5- and 14-week-old plants; 
roots; flowers: macerated whole grains: and _ rice 
polish. The relative inhibition was 83 with water ex- 
tracts of culm tissue; 63 with converted rice (Minute 
Rice brand): and 57 with refined rice oil, which was 
slightly phytotoxic to bean. Crude rice oil prepara- 
tions were so phytotoxic that the relative inhibition 
could not be ascertained. 

Rice varieties—All 12 of the rice varieties or plant 
introductions tested were sources of TMV inhibitor. 
The varieties or introductions were: P. L 184675, P. I. 
184676. P. I. 184676A. India 1, La Crosse, Wag-wag, 
Sha-tiao-tsoa. Rexoro. Paddy NP-124, Paddy T-3, 
Zenith, and Caloro. The average relative inhibition for 
all varieties was 97% as determined by the TMV-Bean 
bioassay. 

Post-inoculation rinsing.—Rice extracts were inhibi- 
tory to TMV infection of beans, whether or not the 
virus-extract mixture was rinsed off leaves immediately 
after inoculation. For example, in the varietal test 
mentioned previously, in which relative inhibition aver- 
aged 97% for rinsed leaves, it averaged 98% for un- 
rinsed leaves. 

Dilution end-point.—The dilution end-point of active 
inhibitor was more than 1:3000 for leaf and root ex- 
tracts (Fig. 1) and 1:13,000 for rice polish extracts 
Dilutions of root and leaf extracts were 


(Fig. 2). 
based on fresh weight. and those of rice polish on dry 
weight. The dilutions at which loss in activity was 
50° were 1:350 for root and leaf extracts and 1:4,500 
for rice polish extracts. 

Thermal inactivation—Data concerning thermal in- 
activation suggest that there may be 2 or more inhibi- 
tory components, of which at least 1 is stable at 100°C 
and | is heat labile. For example, relative inhibition 
of TMV infection on beans in 5 trials with unheated 
leaf and polish extracts averaged 100, whereas the 
relative inhibition in these same 5 trials was 81, 3, 85, 
58, and 91 for leaf extracts and 52. 58, 45, 22, and 85 
for polish extracts maintained at 100 
At 60, 70. 80. and 90 
between 40 and 70. showing a loss in some iihibitor 


for 10 minutes. 
the relative inhibition varied 
activity, but not all. However, none of the 10-minute 
exposures between 60 and 100° and not even a 30- 
minute exposure at 100° destroyed all inhibitory 
activity. 
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Table 1. 


I ype ot 


Virus and host infection 


Tobacco ringspot 


Bean (Pinto) lox al 

V. tabacum (Samsun) systemik 

V. tabacum * N. glutinosa systemic 

( owpea (black) local 

Cowpea (black-eve) local 
Alfalfa vellow mosaic 

Bean (Pinto) local 

( owpea (black) local 
Yellow patch strain of alfalfa mosaic 

Bean { Refugee) lo al 

Cowpea (black) local 
Alfalfa mosaic (new unnamed strain) 

Jean (Pinto) local 

Bean (Pinto) systemic 


Cowpea (black) local 
Cowpea (black) systemic 
Barley stripe mosaic 
Barley (Atzel) 
Wheat streak mosai 
Wheat (Pawnee) 
Vein necrosis strain of alfalfa mosai 
Bean (Pinto) local 
( owpea (blac kK) lo al 


svstemi 


system 


Common bean mosai 
Bean (Pinto) systemic 
Bean vellow mosaic 
Bean (Pinto) 
Bean (top crop) 
Soybean (Hawkeye) 


systemic 
systemic 
systemit 
Southern bean mosaic 

Bean (Pinto) local 
Bean pod mottle 

Bean (Pinto) local 


Sovbean (Hawkeye) systemic 
Bean red node 
Bean (Pinto) local 
Bean (Pinto) systemic 
Cowpea (black) local 
Toba co nec rosis 
Bean (Pinto) local 
local 
local 


Cowpea (black) local 
I; 


Cowpea (black-eve) local 


Potato X 
\. tabacum (Samsun) systemic 
Gomphre na globosa local 


Physalis floridana 


Che nopodtum amarantu olor ’ local 


sVvstemic 


Capsicum annuum (Cayenne) system 


Toba co mosal 


Capsicum annuum (Cayenne) system 


(. frutescens (California Wonder) local 
Petunia hybrida (Snowball) systemic 
Datura stramonium local 
Chenopodium amaranticolor local 


Te tragonia expansa =Vstemn 


Lycopersicon esculentum (Marglobe) svstemik 
Gomphrena globosa local 
V. tabacum (Xanthi) local 
V. tabacum Xanthi) local 


‘Whole numbers average number of local lesions in | 
plants infected per total number inoculated in 1-3 trials. 


oO} 


VIRUS 


INHIBITORS 


IN 


RICE 


Infection with virus plus: 


water ~ 


60 
9 


27] 


rice extract * 


} trials of 10-20 plants each. 


Fractions 


Formulae for calculation of Relative Inhibition described under “Methods and materials.” 


The strain of Pinto used was U. of Idaho 11] 
' Estimate 
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Effect of rice polish extracts in the inocula of 15 plant viruses on the infection of various susceptible plants. 


Av. relative 
inhibition * 


97 
0 
0 
0 
9 


99 


0 


35 
58 


92 
95 
64 
14 


100 
O66 


100 


100 
0 
ov 


99 
100 
94 


100 
100 
100 

13 


0 
0 


0 
0 


total number of 
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Fig. 1.—Dilution end-point of tobacco mosaic virus in 
hibitor in rice leaf and root extracts (fresh weight) 


Translocation.—Extracts of rice leaves or polish 
were applied to soil, to the first internode area of 
beans with a hypodermic needle and syringe, or to the 
lower surface of bean leaves, and the TMV was applied 
to the upper surface of primary leaves. In 2 trials, 
rice extracts were not inhibitory when applied to the 
soil 1, 2, or 3 days before inoculation, indicating the 
inhibitor is not translocated to the primary leaves. 
Similarly, extracts were not inhibitory, in two trials of 
5 plants each, when injected into the first internode 
area | or 20 hours prior to inoculation. However, the 
relative inhibition in 3 trials was 62, 77, and 86 when 
the extracts were applied to the lower surface and im- 
mediately rinsed off 4 to 1 hour prior to the inocula 
tion of the upper surface. 

{pplication of inhibitors before and after inocula 
tion.-Rice extracts applied before or after the appli- 
cation of virus inoculum inhibited infection of beans 
by TMV. Pre-inoculation sprays or dips in rice ex- 
tracts were more inhibitory than post-inoculation ap- 
plications. In 3 trials, when rice-polish extracts were 
applied and rinsed off immediately at 148, 72, 48, 24, 
and 6 hours before inoculation, relative inhibition was 


respectively 20, 57, 88, 98, and 97 as compared 
with 100 when the virus and extract were applied 
simultaneously. In 2 trials the relative inhibition for 
extracts applied 2, 6, 24, and 48 hours after inocula- 
tion was respectively 44, 37, 49, and 14. These data. 
obtained from comparisons between groups of rice- 
extract-treated and untreated plants, suggest that rice 
extracts may prevent TMY infection of beans when ap- 
plied up to 3 days before inoculation or may inhibit 
or retard virus multiplication when applied up to 1 
day after inoculation 

Discussion.—-Several lines of evidence indicate that 
che inhibitor or inhibitors in rice act on the host plant 
rather than on the virus. First, if the action were on 
the virus. one would expect that mixing a virus inocu 
lum with the inhibitor would inhibit infection of all 


Fig. 2.—Dilution end-point of tobacco mosaic virus in- 


hibitor in rice polish (dry weight). 


susceptible hosts. The data (Table 1) show to the con- 
trary, that inhibition occurs on beans, in some cases on 
cowpeas, and in one instance on Nicotiana tabacum 
var. Xanthi, but not on any of the other hosts. Second, 
the inhibition occurred whether the inhibitor was ap- 
plied to the upper or lower leaf surface, although the 
virus was applied only to the upper surface. Third, in- 
fection was inhibited by extracts applied and immedi- 
ately rinsed off when the virus was applied 1 or 2 days 
later. One must assume, however, that the rinsing 
actually removes inhibitor from the leaf surface be- 
cause any inhibitor remaining on the leaf could be 
mixed with the virus at the time of virus application. 
However, no such mixing on the leaf surface could 
occur when the inhibitor is placed on the lower surface 
and the virus on the upper. 

Another point of interest is the suggestion of varietal 
B aye since bean yellow mosaic virus was in- 
hibited on the Pinto bean but not on the Toperop va- 
riety.—Plant Quarantine Division, U. S. Plant Intro- 
duction Station, Glenn Dale. Maryland, and Crops Re- 
search Division. Plant Industry Station, Beltsville, 
Maryland. 
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SUMMARY 


Leaves of apple, Coleus, and other plants, homoge- 
nized in aqueous solutions containing streptomycin and 
metallic cations KCI, NaCl, MnCl., CaCl., AlCl,, and 


others. clearly demonstrated a competition between the 


metallic cations and the organic cation streptomycin 
for adsorption sites in homogenized leaf tissue. Ex- 
cised apple. bean, and Coleus leaves absorbed strepto- 
mycin in significant quantities from a water agar con- 
taining the drug. The quantity absorbed was influ- 
enced by length of exposure (time), specific surface 
exposed to the agar (upper or lower), and tempera- 
ture. Generally, the longer the exposure period, the 
more streptomycin was absorbed. Bean and Coleus 
foliage both absorbed more streptomycin through the 
lower surface, whereas apple leaves absorbed more 
through the upper surface, which is devoid of stomatal 
openings. Temperature coefficients (Qj o,) of 2.0 and 
2.4 for bean and apple leaves, respectively, were ob- 
tained for streptomycin absorption by lower leaf sur- 
faces over a relatively wide temperature range of 
18°C. These Q,, values suggest that foliar absorption 
may be metabolically controlled, at least in part. 





Introduction.-The initial experiments described in 
this paper were designed to ascertain whether ion com- 
petition between streptomycin and inorganic cations 
and Mn 


a general phenomenon exhibited by inorganic cations. 


was peculiar to the K ions or if this was 
The remainder of this report is devoted to exploring 
the influence of such factors as time (duration of ex- 
posure), temperature, and surface specifi ity (upper 
or lower surface) on the absorption of streptomycin 
by foliage. 

Review of literature.—Shortly after initial labora- 
tory and field experiments had demonstrated the 
eficacy of certain antibiotics against a number of bac- 
terial phytopathogens, it was also shown that these 
large organic molecules were capable of being translo- 
cated in the vascular system of the plant. The uptake 
and subsequent translocation from the point of entry 
of streptomycin. for example. have been demonstrated 
in a diverse group of monocotyledonous and dicotyle- 
donous plants (7). Studies of antibiotic absorption at 
the cellular level have been conducted by Pramer (16, 


17) and Litwack and Pramer (14). using the large- 
celled fresh-water alga Nitella clavata. Their results 
suggested that the absorption of streptomycin was, at 
least in part, an active process mediated by respiratory 
energy and that accumulation of this compound was 
possible against a concentration gradient. Accuraula- 
tion of streptomycin in foliage against a gradient, via 
root-system absorption, has been reported for peach 
seedlings (5) and for tomato and lettuce plants (3). 

Indirect evidence of improved absorption of strep- 
tomycin by apple foliage with adjuvants, e.g., humeec- 
tants and cuticle solvents (6), suggested a new ap- 
proach to heightening the systemicity of organic spray 
compounds, Direct evidence of the activity of humec- 
tants in increasing absorption of streptomycin was first 
presented by Gray in experiments using glycerin (12). 
Improved absorption of this antibiotic in bean foliage 
was obtained with certain growth regulators (9). 
Subsequent studies showed that streptomycin could 
penetrate foliar surfaces devoid of stomatal openings 
(a,.43. 

\ number of workers, but primarily Ark and his 
group (1, 2), demonstrated that the absorption of the 
cationic molecule streptomycin by plant tissues is in- 
fluenced by the ion exchange phenomenon. It is ap- 
parent from these and other studies that certain anti- 
biotics are strongly adsorbed by colloidal systems, both 
protoplasm (11, 18) and soil (10). The ions found to 
be most effective in competing with streptomycin for 


and Mn* 


adsorbing sites were K 

Materials and methods.—The evaluation of eee | 
tition between metallic cations and streptomycin for 
adsorbing sites on plant tissue employed 2.5-g samples 
of apple, peach, carnation, Coleus, pepper, and bean 
foliage. The samples were homogenized in a Virtis 
apparatus for 5 minutes in solutions containing 1% of 
the ion to be tested (in the chloride form) and strepto- 
mycin hydrochloride at 4 pg/ml. The homogenate was 
centrifuged and the supernatant assayed for strepto- 
mycin activity with the stainless-steel cylinder-agar- 
diffusion method described in detail by the author (7, 
8). Sensitivity of the assay is 0.3 pg/ml streptomycin. 

Yarwood (21) indicated that excised leaves could be 
maintained in nutrient solutions for extended periods. 
With Petri dishes as humid absorption chambers, 
apple leaves were floated in water containing 25 pe ml 
of streptomycin. It was immediately apparent, how- 
ever, that the treating solution frequently washed over 
the upper surface of the floating leaf. To preclude 
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Table 1.—Effect of cations « 


apple leaf homogenat 


1) streptomycin adsorption by 


Activity ° (ppm) 

ot supernatant 
Cationic source * pH liquid 
H.O ( 0.35 
CaCl. 6.0 0.74 
KCl f 1.20 
NaCl 6 1.32 
MnCl. 0 3.75 


* Salt solution, 1° 
"Streptomycin activity, 4 pp 


absorption by any surface other than the one in con- 


tact with the liquid, a 0.5 water agar was used. 
Similarly, the agar contained streptomycin at 25 ng/ml 
upon which were placed | or 2 leaves per plate while 
the agar was still fluid. Petri plates were filled to 
about half their capacity 

Apple, bean, pepper. and Coleus leaves, upper and 
lower surfaces, were placed, alternately, in contact 
with the agar and permitted to absorb streptomycin at 
1N, 28, and 37°C for 24 and 48 hours 

The amount of antibietic absorbed by the intact 
leaves was determined by the cylinder-agar-diffusion 
method (7, 8). All leaves were washed for | hour in 
running water before preparation for assay. The sam 
ple size was 1 g of fresh leaf tissue taken from a com- 
posited 10—-12-leaf sample. The leaf tissue was frozen 
and the cellular fluids were expressed in a Carver 
press. Temperatures were maintained at £0.5°C in a 
low-temperature incubator 

It was assumed that the excised leaves were tran- 
spiring at least in those instances where stomatal open- 
ings were adjacent to the atn osphere of the Petri dish. 
Further, it was conceivable that this transpiration 
could influence uptake of streptomycin by the surface 


in contact with the agar | test these assumptions, 


Petri plates were filled to within 'x, in. of their rims, 
thereby reducing the volume of air that hi to be 
brought to water-vapor equilibrium with the leaf tis- 
sues. The lids of the Petri plates were inverted and a 
seal effected at the rim of the dish with petroleum 
jelly. This minimized the loss of water vapor from the 
dish. 

Results. Table ] ndicates that all of the metallic 
salts used could compete with the organic cation strep- 
tomycin for positions on the adsorbing surfaces of 
homogenized leaf tissur Similar experiments were 
conducted with pepper. peach, carnation, Coleus, and 
bean leaf tissue ind these provided essentially the 
same results. The different plant species varied trom 
one another in the amount of streptomycin adsorbed 
and the amount that could be exchanged from the sur- 


face by the metallic cations. In addition to the cations 
noted in Table 1. LaCle. MgCl... FeCl... BaCl.. and 
CuCl. were also examined, and these cations too com 
puted with streptomycin for sites on the various leaf 
tissues. From these results it appears that the com- 
petitive effect observed initially with K* and Mn 


was a general phenomenon that would influence the 
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Table 2.--Effect of temperature and time on streptomy. 
cin* absorption by upper and lower apple leaf surfaces. 


Time Absorption 

Leaf surface Temp. (°C) (hr) (ppm) 

| pper 10 24 1.9 

Lowe! 10 24 1.9' 

Upper 10 18 10.5 

Lowe! 10 18 6.7 

l pper 28 24 14.4 

Lowet 28 24 8.6 

[ pper 28 18 19.6 

Lower 28 18 19.9 


‘Streptomycin concentration in agar was 25 ppm. 
(),, for rise in temperature of 18°C was 2.40. 


adsorption, and perhaps the absorption and subsequent 
translocation, of many cationic or imphoteric organic 
compounds, 

In Table 2 the effects of time, temperature, and 
specific surface in contact with the streptomycin-im- 
pregnated agar are all apparent as significant factors, 
influencing the absorption of streptomycin by apple 
foliage. From these data there is little doubt that: a) 
absorption proceeds through the upper leaf surface 
despite the fact that there are no stomatal openings 
present. b) absorption increases with the 18°C. in- 
crease in temperature, c) absorption is greater through 
the upper than through the lower surface. d) the tem- 
perature-dependent increase seems to be more signifi- 
cant when absorption is proceeding through the lower 
surface, e) the Q,) obtained for a 24-hour absorption 
by lower leaf surfaces is indicative of a reaction(s) 
that is, at least in part, biochemical in nature. and f) 
the longer the leaf is exposed to streptomycin, the 
greater the quantity absorbed. It might also be pointed 
out that the difference in absorption between the upper 
and lower surfaces is not nearly as appreciable after 
18 hours as that noted following the initial 24-hour 
exposure. This is particularly true at 28° where. in 
fact. there is no difference. 

From the data in Table 3 it seems a) that strepto- 
mycin absorption by bean foliage increases with in- 
creasing temperatures, b) and Q,, obtained for a 24 
hour absorption is indicative of a reaction(s) that is, 


at least in part, biochemical in nature, « 


streptomy- 
cin absorption is greater via the lower surface than the 
upper (a reversal of the situation noted with apple 
foliage), and d) the variation in absorption between 
upper and lower surfaces is not apparent at the lowest 
temperature of the experiment, 10° ¢ 

Table 3. 


tion by excised bean foliage. 


Effect of temperature on streptomycin” absorp- 


Leaf surface Temp. C"s9 Absorption’ (ppm) 
Upper 10 2.8 
Lower 10 » 
Upper 28 5.3 
Lowe! 28 9 ] 
Upper 37 3.3 
Lower 37 12.1] 


Streptomycin concentration in agar was 25 ppm. 
Absorption for 24 hours. 


),, for the rise in temperature of 18°C was 2.0 
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Table 4.—Streptomycin* absorption by excised Coleus 
leaves. 
| eat « olor 


Leaf surface Absorption ” (ppm) 


| pper Green 3.8 
Lower (,reen 1.1] 
| pper Red 5.8 
Lower Red $.2 


‘Streptomycin concentration in agar was 25 ppm 
Absorption for 48 hours, at 28°C. 


The Coleus leaves treated in the experiment re- 
corded in Table 4 were of similar size, age, and posi- 
tion. and in these respects the data should be com- 
parable. It is apparent that the red-leaved species 
absorbed more streptomycin than the green-leaved one. 
Furthermore, Coleus, which, like apple, has stomata 
only on the lower surface, is unlike the latier in that 
it absorbed more streptomycin via the lower surface. 

The data in Table 5 describe the influence that rela- 
tive humidity of the atmosphere in the Petri dishes 
had on the absorption of streptomycin. It seems that 
the differences between the two atmospheres (conven- 
tional and sealed) were either quite small or not sig- 
nificant enough to vary streptomycin absorption. 

It should be pointed out that bean leaves have 
stomata on both surfaces, though there are 7 times 
as many on the lower surface as on the upper. Now, if 
stomatal transpiration, which accounts for 90° of 
foliar transpiration (15), had been a significant factor 
in streptomycin absorption, uptake should have been 
greater in Petri dishes where the lids were placed in 
the conventio al manner. Under these conditions there 
was an appreciable loss of water vapor from the plate, 
whereas water loss from the sealed plates (inverted 
lids) was negligible. Furthermore, if stomatal transpi- 
ration was influencing absorption one would expect the 
greatest quantities of streptomycin to be in those 
leaves whose upper surfaces were in contact with the 
agar. Here, 7 times as many stomata would have been 
functioning (28.000/cm". as opposed to 4,000/cm*) 
(15). yet there was less streptomycin absorbed where 
the upper surface was in contact with the agar. 

Discussion.__The foregoing experiments have shed 
some additional light on the nature of the foliar uptake 
of relatively large cationic organic molecules and have 
tended to substantiate some recent findings regarding 
foliar absorption of the comparatively small inorganic 
cations. The researches of Zukel et al (22) concern- 
ing the foliar absorption of maleic hydrazide (MH) 
indicated that relative humidity was the greatest single 
factor affecting absorption rate. They also indicated 
that temperature at controlled high humidities had less 
of an effect. In a more recent effort. however, Smith 
et al (19: showed that tomato plants absorbed MH 
about 60°; as fast at 10°C as at 32°C. 


experiments. relative humidity was not a limiting fac- 


In the current 


tor, and thus the influence of temperature on absorp- 
tion Was more apparent. 


It is quite possible that relative humidity and tem- 


perature influence the absorption process of foliage 
in distinctly different ways. It has been suggested (7) 
that the improvement in foliar absorption resulting 
from high relative humidity or from a humectant-type 
compound such as glycerin is due to hydration of the 
cuticle—specifically, hydration of cellulose and cutin, 
the hydrophyllic components of the cuticle, and per- 
haps the pectic layer that separates it from the epider- 
mal cells. Hydration would result in a swelling of the 
cuticle. and its micellar structure would be forced 
apart, lending a porosity to the cuticular barrier. 
Under such a scheme it is relatively simple to visualize 
the movement of water-soluble organic compounds into 
leaf tissue. 

The effect of temperature on absorption, in this 
study, might be explained if at least a part of the 
absorption is visualized as an active one. Direct evi- 
dence of active abserption of streptomycin by Vitella 
(14, 16, 17) supports this contention. Further, the in- 
direct evidence of improved streptomycin absorption 
in response to low concentrations of growth regulators, 
naphthyl acetamide and gibberellic acid, is also sug- 
gestive of a metabolically controlled phenomenon (9). 

In the present work, temperature coefficients (Qjo°,) 
of 2.40 and 2.00 were obtained for the absorption of 
streptomycin over a relatively wide temperature range 
(Tables 2. 3) by apple and bean foliage, respectively. 
Values such as these are more indicative of bio- 
chemically controlled reactions than a purely physical 
one such as diffusion. 

It should also be noted that the relatively high Orso - 
were obtained when absorption was proceeding through 
the lower surface. A preponderance of stomatal open- 
ings at this surface, in both instances, strongly sug- 
gests these openings as a significant factor in absorp- 
tion. This factor may be more apparent than real, 
however. It is conceivable that thickness of cuticle, 
trichomes. protuberant veins (the latter 2 factors pro- 
viding increased specific surface) as well as the pres- 
ence of specialized parenchymatous tissue composed 
of thin-walled cells influences absorption more pro- 
foundly. 

Direct penetration of the cuticle of the upper sur- 
faces of apple leaves, devoid of stomatal openings, pre- 
cludes these foliar orifices as requisite entryways. In 
fact. the greater absorption of streptomycin by the 
upper surfaces of apple leaves establishes cuticular 
penetration as a significant route for the movement of 
quantities of organic substances into leaf tissues. Simi- 
lar data have recently been presented for P®- (20) and 


Table 5.—Influence of relative humidity on absorption 
ot streptomycin® by excised bean leaves. 


Petri dish 


Leaf surface (rel. humidity) Absorption ° (ppm) 
Upper conventional 5.7 
Lower conventional 9.5 
[ pper sealed 6.3 
Lower sealed 9.5 


Streptomycin concentration in agar was 25 ppm. 
Absorption for 24 hours, at 28°¢ 


nasi 
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Co™ (13), and together with those presented herein 
it appears that comparatively large organic molecules 
as well as the smaller cations and anions are capable 
of analogous movement into foliage, i.e. through the 
cuticle. 

The exchange phenomenon exhibited between strep- 
tomycin and a number of metallic cations for adsorp- 
tion sites in homogenized plant tissue has a number of 
implications. First, it can be assumed that this phe- 
nomenon is a general one, not restricted to a few 
cations. The presence of metallic cations in other 
spray materials (pesticide mixtures) as well as resi- 
dues in water and in the spray equipment may be ex- 
pected to interfere with the adsorption of organic 
molecules that are either cationic or amphoteric. From 
the data presented in Table 4, it is apparent that varie- 
ties within a plant species differ in the extent to which 


they will absorb a cationic organi compound Per- 
haps the quantity and availability of negative charges 
at the surface account for this difference. The pre- 
dominating charge and the arrangement of the adsorb- 
ing colloidal system may also account for the tenacity 
with which the compound is held, once inside the 


plant. Finally, the kind and quantity of endogenous 
cations present in the plant tissue may also influence 
novement of the adsorbed 
Horticulture, 


adsorption and subsequent 
compound.._Department of University 


of Missouri. 
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and shipped the experimental cartons, and M. J. Kolbezen, 
F. A. Gunther, R. C. Blinn, and E. A. Staggs (4, 5) formu- 
lated the ammonia pellets, which were prepared and pack- 
aged by the Winning-Peplow Company, Los Angeles. 
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SUMMARY 


Where results were statistically separable, commer- 
cially handled citrus fruit treated with biphenyl had 
less decay, soilage. and chemical injury than those 
treated with ammonia. Both treatments were signifi- 
cantly superior to no treatment in control of decay. 
In these tests, biphenyl caused no apparent injury of 
the fruit: ammonia, however, under conditions that 
produced excessive condensation of moisture, occa- 
sionally injured the rind of lemons and navel oranges. 
This injury was not seen on Valencia oranges. 

With artificially inoculated fruit, treatments varied 
in their relative efficacy in control of decay. For 
lemons, biphenyl was superior to ammonia. For navel 
oranges, the results with ammonia and biphenyl could 
not be separated statistically. For Valencia oranges. 
ammonia was distinctly better than biphenyl. For all 
varieties, both treatments were significantly superior 
to no treatment. 





Recent changes in methods of packaging citrus fruit 
have necessitated changes in decay control measures 
during transit and storage. Fruits are no longer indi- 
vidually wrapped in tissue paper and packed in 
wooden boxes, but are placed unwrapped in fiberboard 
cartons and protected from blue-green mold decay by 
the volatile emissions from 2 sheets of kraft paper im- 


pregnated with biphenyl (7 

Continuous screening for a more effective chemical 
fungicide than biphenyl has been in progress in this 
department for a number of years. Of the many 
chemicals screened, ammonia continued to show the 
most promise in controlling decay with minimal in- 
jury (8. 9. 10), and attempts were made to adapt it 
With no stipulation as to 
residue, ammonia was exempted from a requirement 


for use in cartons (4. 5). 


for a tolerance on citrus (3). Tests with biphenyl and 
ammonia were therefore made to compare the effective- 
ness of the two chemicals for control of blue-green 
mold decay caused by Penicillium italicum Wehmer 
and P. digitatum Sacc. during commercial shipments. 
This paper reports the results and some of the prob- 
lems involved. 


el 


Experimental procedure._Cartons of experimental 
fruit were hand-packed in the packing house, and the 
protective chemicals were introduced. Labeled cartons 
were placed in refrigerated railroad cars or trucks and 
sent to receiving personnel in Kansas City, Chicago, or 
New York. Reports on fruit decay, soilage, black 
buttons, and injuries were mailed back to the Citrus 
Experiment Station for statistical analysis. 

Over 150 experimental shipments were made by rail 
and truck from various packing houses to the cities 
mentioned; most were by rail to New York City. The 
fruit was randomized into the required number of con- 
tainers and, if to be inoculated with blue-green mold 
spores, was first scratched to produce a wound 1 mm 
deep and 1 cm long, and showered with dry spores of 
Penicillium italicum and P. digitatum. The fungicidal 
treatment materials were: 1) two standard biphenyl 
kraft sheets measuring 11 * 17 in. and each contain- 
ing 2.35 g of biphenyl; 2) double paper sheets, also 
11 * 17 in., one impregnated with an ammonium salt, 
the other with an alkali to liberate gaseous ammonia 
from the other sheet when in the moist atmosphere of 
the carton of fruit; and 3) dry compressed tablets of 
the ammonia-evolving chemicals placed in porous pa- 
per packets of 9 tablets each (4, 5, 8). The ammonia- 
emitting materials were placed horizontally between 
layers of fruit, and the biphenyl sheets were placed 
vertically on the inside surfaces of the carton. Each 
lot of treated fruit, in 3—6-carton replications, was 
placed in a vertical stack in the refrigerator car or 
truck. 

\rrangements were made for receiving and inspect- 
ing the fruit shipments. Report forms used at ship- 
ping, receiving, and final inspection included such 
items as picking dates, packing-house treatments, icing 
conditions, carton type and brand, packing, precooling, 
and shipping temperatures, and decay control treat- 
ments. 

{t the terminal markets, initial inspection for decay 
and injury was made for some experimental shipments, 
ind all fruits were then stored for one week. They 
were then thoroughly examined for decay, black button 
injury, and soilage. 

Decay was grouped into two categories: that caused 
by Penicillium spp.. and that caused by other molds. 
Since over 95°% of all decay found was caused by the 
Penicillium spp.. only such were included for analy- 
sis. Chemical surface injury, if present, was recorded 
as slight, moderate, or severe. Another index of in- 
jury was the color of the buttons (6). The number of 
fruits whose normally green buttons were discolored, 
blackened, or dropped off was recorded. Soilage is de- 
fined as the dirtying of adjacent sound fruit by spores 
from an infected fruit (2). A fruit was considered 
soiled if 1 cm or more in diameter of its surface area 
was colored with blue or green spores. 

This paper reports the results of 9 experiments, in- 
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Table 1.— Statistical analysis (in angles) of 6 experiments with uninjured uninoculated fruit. 

Source of | xpt | | xpt 2 i xpt } Expt. } Expt. 5 Expt. 6 
variation 12 cars navels 11 trucks navels 8 cars lemons 8 cars lemons 1] trucks lemons 12 cars Valencias 
Decay 

H NS NS \s NS **% 
S(H) a xs 2. 
7 ‘i *es * 
7x Be NS NS NS NS NS 
T < S(H) NS Ns if Ns NS 7 

Soilage 
H \s \S NS NS 
SiH) * *¢% bs % 
T 1s 
ce H NS NS NS NS NS 
T & S(—) (ft NS (k (FE) NS (E) 
Black Button 
H NS NS NS NS 
SiH) nding NS 
T NS NS 
T*« H NS NS =e NS 
T & S(H) E) NS (f (FE) : (E) 

*Code symbols: H. houses SiH shipme nts or shipments within house if more than 1] house is concerned: T. treat- 
ments; ‘I H, treatment by house interaction; 1 S(H), treatment by shipment interaction or treatment by shipment 
within house interaction if more than 1 house is concerned; (E), interaction providing estimate of error variance; NS, 
not statistically significant at the 0.05 level of probability si respectively statistically significant at the 0.05, 
0.01, and 0.001 levels of probabilit 
cluding shipments of lemons and Valencia and navel Two or three treatments and a check were tested in 


oranges. Experiments 1-6 include only naturally inocu 


lated fruit in 5-8 replicated cartons per treatment. Ex- 
periments 7, 8, and 9 contain 3-5 replications pet 
treatment, with each test carton containing 25 wounded 
and inoculated fruits distributed throughout the carton 

The statistical design was a simple randomized block 
type in a number of cases. and a split-plot type in the 
remaining experiments. The appropriate partitioning 
of degrees of freedom and sum of squares was made in 
each case. Tables by Duncan (1) were used to make 


the multiple range tests of mean differences 


each experiment. The treatments consisted of biphenyl 
sheets and ammonia tablets in all cases: where used, 
the third treatment was ammonia sheets. 

Observations of the uninoculated fruit were made on 
100. di- 
vided by the total number of fruit per carton for decay, 
soilage, and black buttons. For inoculated fruit. the 


the number of fruit per carton responding 


number decayed out of 25 gave the per cent decay. The 
percentages were transformed to angles in degrees 
(angle aresin percentage) for statistical analysis 


and evaluation. The means of the percentages are 


Table 2.—The per cent decay, s ige, and black buttons for 6 experiments with uninjured uninoculated fruit. 
Ex} Expt. 2 Expt. 3 Expt. 4 Expt. 5 Expt. 6 
Treatments 12 cars navels | trucks navels 8 ears lemons 8 cars lemons 11 trucks lemons 12 cars Valencias 
Decay 
1) ») ] (?) (1) iD) (|) (2) (1) (2) (1) (2) 
Check i $.560 a Zi2 a i aoe 6 i L605 a a 0.91 a a 2.56 a 
Ammonia sheets b kia | 1.80 he bh 0.92 b h 0.75 ab ab 1.93 ab 
Ammonia tablets b 3.68 00 b 1.05 b b 0.64 b be O40) be ab 1.93 ab 
Biphenyl sheets b 2.86 | 148 « ( 0.35 « bh 0.69 b ( 0.32 « Db Bard 
Soilage 
(1) 1} (2? | (2) il) (2) (1) (?) (1) (2) 
Check a oO i 1.4 " 6.0 a a sax a a 5 Ca a 1.4 a 
Ammonia sheets ab 4.2 il il .0 ib a 20 a ab 2.7 ib a LO a 
Ammonia tablets be 2.4 20 b b 6 b a 9 a b 2.1 b a 10 ab 
Biphenyl sheets ¢ 14] 1.2 ‘ 0.3 « b O58 a ‘ 0.2 « b 20 b 
Black Buttons 
(1) ») (1) (2) (1) (2) (1) (2) 
Check ab 1L.5 ib ib 2.0 ib ab 13.3 ab b 6.3 b 
Ammonia sheets a 13.2 a a 142 ab a 19.2 a 
Ammonia tablets ab 11.3 ib i 2.6 a a 174 a a 156 a 
Biphenyl sheets  b 9.8 ib by 1.4 b b 11.2 b b 7.8 b 
* The letters a, b, and c before and after mean values indicate statistical populations at the 95% (1) and 99% (2) con- 
fidence levels. 
” House treatment interactions, see Fig. 2 





sl 


cé 


eX 





November, 1960 ROISTACHER ET AL: VOLATILE 


tabulated. Coding symbols used in this paper for the 
various sources of variation are shown in the footnote 
of Table 1. 

Results. 1) Decay se 


The assignable sources of variation and statistical 


Uninjured uninoculated citrus. 


significances for 6 experiments are shown in Table 1. 
S(H). indicated in the table by 
In the 
other cases this estimate was obtained by replicating 


In Experiment 3, T 
(E), provided the estimate of error variance. 


cartons within the classifications shown in the table. 

The house mean square tested by S(H) was signifi- 
cant in the Valencia experiment (No. 6). Four houses 
were concerned, and a graph of the differences in de- 
cay among them is shown in Fig. 1. The per cent de- 
cay was about 8 times as high in House 6 as in each 
of the other 3 houses, 

Shipments showed statistically significant differences 
at at least the 0.01 level of probability. 

Treatment differences statistically significant 
at the 0.00] 5 of the 6 experiments. 
Valencia experiment (No. 6) T S(H) 


at the 0.05 level. and was used to test treatment 


were 
level in 
was signifi- 
cant 
differences. The treatment mean square was significant 
at the 0.05 level only. 
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given as per cent decay, with the statistical populations 
indicated to the left and right of the means. The con- 
fidence levels (C.L.) are given as 95% and 99%, al- 
though the joint confidence levels are somewhat lower. 
The incidence of decay in the check was consistently 
higher than that in the ammonia or biphenyl treat- 
ments, and was statistically separable from its closest 
neighbor in 5 of the 6 experiments (959% C.L.). 
Where the ammonia 
tablets, and biphenyl were statistically separable, bi- 
phenyl-treated fruit had the least decay. 


2) Soilage. 


means of sheets, ammonia 


The assignable sources of variation 
and significance for the amount of soilage are shown in 
Table 1. Where T S(H) 


of error variance, the entry in the body of the table is 
shown as (E). 


was used as the estimate 


House differences were significant at the 0.05 level in 
Experiment 6 (Fig. 1). The mean of House 6 is sig- 
nificantly different from those of the remaining houses. 

Shipment differences were significant at at least the 
0.05 level in all 6 experiments. 


T & H was not significant in the 5 experiments in 
which the effect could be tested, and T S(H) was 


not significant in the 2 experiments in which the effect 





T X H and T S(H) were not significant else- could be tested. 
where. Treatment differences were significant (0.05-0.001 
In Table 2 the treatment means and check mean are level) in all 6 experiments (Table 2). The check 
20Fr 
is- DECAY = SOILAGE = BLACK BUTTONS 
: = = 
z = = = 
w = == 
0 = == 
OF = = = = 
+ = =i= 
wi = == — 
= = ==: 
S22 = === = SS: 
HOUSE NO. 6 8 5 3 6 8 5 3 6 8 5 3 
0.95 b b b b b b ab b b 
0.99 a b b b ob 6abClOlb ob ab ob 
Fig. 1.-Analysis of 4 houses in Experiment 6 (Valencia oranges), showing variation between houses within a given 
experiment 
IThe letters a and b indicate statistical populations at the 95% and 999% confidence levels. 
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EXPERIMENT 2 As= Ammonia sheets EXPERIMENT 5 
Ar= Ammonia tablets 
B = Bipheny! 











C = Check 
° HOUSE | HOUSE 2 HOUSE | HOUSE 2 
°o 
- an 
a 10 r 
> in = 
@ == =— 
x = = = 
Oo = —_—_ — 
< = = = 
2 ¢ = -= = 
+ |e = == 
z2¢4s =S = — -_—_ = = — 
w |= = === = == S=f=Z=z 
v Ss =F = = SS SES C= = => SES OS SOU 
— —_ ==> — —— — — — — = —= —~ = 
-S SS Sl —— a SEC SSC SX— SC ESE OOS UC SX— 
.s SS = = = S ES SE CU = rS—UCUES CEES C= SES OSS ES 
w | a a Sl ESS SSC Ss Ss SS = SES =O ESC SS 
aes = S= ES = — = = = = = = = S SES ES ES 
O ——saee__ eee = — — —_ — =— — — = —— = — =— 
TREATMENTS 
A, A, C B Ay C B As A, Ay C B A, 8B Cc A, 
j! 0.95 a b c c fs) a a a a a b b a a a t) 
0.99 a b b b a a a a a a b b a a a a 
Fig. 2..-Treatment house interaction in Experiment 2 (navel oranges) and Experiment 5 (lemons), showing in- 
creased black button injury by ammonia in two houses and not in two others. 
1The letters a, b, and ¢ indicate statistical populations at the 95% and 99% confidence levels. 
mean was consistently higher than each of the treat- Decay in injured inoculated fruit—The results ob- 
ment means in all cases, but statistically different tained from 5 shipments of navel oranges, 12 ship. 
(95% C.L.) from its closest neighbor in Experiment = ments of Valencia oranges, and 22 shipments of 
3 only. The biphenyl mean was consistently low, and lemons are shown as Experiments 7, 8, and 9 in Table 
was statistically different (95°) C.L.) from either am- ; 
— gee in 5 of the 6 ay riments Shipment differences and treatment differences were 
3) Black buttons.—Table 1 shows the assignable highly significant in all 3 experiments. Since almost 


sources ariation and statistical sig ances, Nigh 
ourcgs of variation and statistical significan all lemon fruits in the check treatment of Experiment 


House differences were significant only in the Valen- — , 
) were decayed, only the ammonia- and_ biphenyl- 
cia experiment (No. 6) at the 0.05 level (Fig. 1). aie ve 
; +a treated fruits were analyzed statistically. The check 
Shipment differences were significant at at least the ie eee 
6:01 level in 5 of the ( means were significantly different from the treatment 
° eve moa 1e ) EXpr riments , - : ~ 
» aE ae as lenifeant in Experi means in the 3 experiments. The treatment means, 
eC y ( erences ere ajo Ci n eTI- ; 
ments 1, 3, 4, and 6. In the remaining 2 experiment however, did not follow a consistent pattern; in navels 
» s —: — he 1a} o Z » ie ; s. 7 
r A mul. the means for ammonia and biphenyl could not be 


) 


T < H was significant and was used to test ge : "ie : 
statistically separated: in the remaining 2 experiments 


tiple range test of T in each house in these 2 experi- 


ments showed that there were significant differences in With Valencias and lemons they were separable, bi- 
one of the 2 houses in both cases. 7 H was not sige Phenyl having a smaller mean than ammonia in 
nificant elsewhere. The treatment means and statisti- lemons; the reverse was found with Valencias. 

cal populations are given in Table 2. and 1 H inter- T & S was significant at the 0.001 level in the 2 ex- 
action is shown in Fig. 2. periments in which it could be tested. 

Table 3. Source of variation and per cent decay for 3 experiments with wounded inoculated fruit. 

Expt. 7 Expt. 8 Expt. 9 
Source of variation " trucks navels 12 cars Valencias 22 cars lemons 
S ee 
T ees 
Ty Ss ** (BK) 
Treatments l 2 (1) (2) (1) (2) 
Check i 4.8 i a 68.2 a a 98.8 a 
Ammonia sheets 10.1 hy 
Ammonia tablets b 10.8 by ‘ 95.8 ‘ h 51.9 lh 
Biphenyl sheets hy 25.2 h) hy 10.1 bh ‘ 33.8 ‘ 

"Code symbols: S shipments, 1 treatments, T « S treatment by shipment interaction; **, *** statistical 
significance at the 0.01 and 0.001 levels of probability, respectively ; (E) interaction providing estimate of error vari- 
ance. . 

> The letters a, b, and c before and after mean values indicate statistical populations at the 95° (1) and 99% (2) con- 


fidence levels. 
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Table 4.—Injury to rind of citrus by ammonia. 


Expt. County Cars 
no. Variety shipped from ( No.) Slight 
l Navel lulare I-7 0 
] Navel Tulare 8-23 0.3 
2 Navel Ventura 1-2 0.7 
2 Navel Riverside 3-1] 0.8 
3 Lemon Ventura 1-23 0 
} Lemon Tulare 10-17 1.0 
5 Lemon Ventura 1-2 1.0 
5 Lemon San Bernardino +11 0.6 
6 Valencia Orange 1-41 0 
1) Ammonia injury.—Fruit blemishes typical of 


ammonia injury were not found on any of the un- 
treated fruits or on those exposed to biphenyl sheets. 
Injury ranging from slight to severe, however, was 
recorded for the ammonia treatment in some shipments 
and was absent in others (Table 4). Injury was in 
the form of red to brown sunken spots, and was gen- 
erally noted on those fruits in direct contact with 
sheets or tablets. Where injury occurred, it was as- 
sociated with the condition that allowed cool fruit to 
warm up in a humid atmosphere, thereby releasing 
an excessive quantity of ammonia from the sheeis or 
tablets thus moistened by the sweating fruit. 

Discussion.—The primary objective was to evaluate 
ammonia as a substitute for biphenyl. The results 
clearly demonstrate that ammonia, though significantly 
better than no treatment. was generally not as effective 
as biphenyl for control of decay and reduction of 
soilage in the uninjured uninoculated shipments. Am- 
monia-treated fruits also had a higher percentage of 
blackened buttons and surface injury than those 
treated with biphenyl. 

The ammonia-generating sheets caused severe injury 
to some citrus fruit shipped from Tulare or Ventura 
County, California. This was much less evident in 
shipments from Riverside or Orange County. The 
reason may be the sudden condensation of moisture, 
wetting the chemicals and causing rapid generation of 
large quantities of ammonia over a short period. Also, 
citrus fruit from central California (where most of 
the injury occurred) is more susceptible to rind in- 
jury. Ammonia injury was rare in the many experi- 
mental tests with local Riverside fruit. No injury was 
observed on Valencia oranges in any of 41 cars 
shipped. 

There appears to be an incongruity in the perform- 
ance of a treatment or treatments, depending on the 
method of inoculation used. In Experiment 8 in Table 
3, ammonia treatment was superior to the biphenyl 
and check treatments in control of decay of artificially 
wounded and inoculated Valencia oranges. These re- 
sults are in agreement with laboratory results at River- 
side. where, over a 3-year period, decay in artificially 
wounded and inoculated Valencia oranges treated with 
ammonia. biphenyl. and no treatment respectively 
averaged 13, 37, and 80°. Similar tests locally with 
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c 


© of fruit injured 


Ammonia tablets Ammonia sheets 


Moderate Severe Slight Moderate Severe 
0 0 0 0 0 
0.7 0.8 2.8 1.8 1.5 
2.0 0 2.5 10.0 0.3 
0.3 0.4 L.5 0.4 0 
0 0 0 0 0 
0.4 0.5 2.1 0.9 0.9 
0.3 0 1.0 0 0 
0 0 1.0 0 0 
0 0 0 0 0 


navel oranges respectively averaged 21, 53, and 91% 
decay. Note, however, with uninoculated Valencia 
oranges (Table 2, Experiment 6) the ammonia treat- 
ment could not be separated statistically from that of 
biphenyl, and in Experiment 2 (Table 2) biphenyl 
was significantly superior to ammonia in control 
of decay with navel oranges. Reasons for this in- 
congruity may be speculated on as follows: 1) 
Under commercial conditions, time of infection of 
fruit and period of incubation are not known and not 
controlled. Fungus spores in a wound in the fruit peel 
may remain ungerminated because of unfavorable 
temperatures and/or lack of moisture, or they may 
have germinated but their germ tubes have not yet 
invaded the rind, or the germ tubes may have begun 
to penetrate the rind tissues without yet producing 
macroscopic evidence of decay. In the first and second 
conditions, vapors of ammonia or biphenyl, if in ade- 
quate concentration, can inhibit decay. In the third 
condition, the lethal or inhibitory properties of the 
chemicals may or may not be effective, depending on 
the depth of penetration of the germ tubes. 2) The 
quantity of spores involved in the two methods of in- 
oculation may be a factor in the subsequent effective- 
ness of a treatment. The high spore population in an 
artificial wound (2000 to 20,000 spores per wound) 
would provide a number of germinating and pene- 
trating spores, some of which would resist or escape 
the fungistatic action of the biphenyl vapor. Where 
only a few spores reach a wound, however, as under 
conditions of natural inoculation, the probability of 
the occurrence of spores resistant to or escaping the 
biphenyl vapor would be much reduced. 

The use of refrigerator cars or truck shipments with 
uninjured uninoculated fruit has the advantage of dup- 
licating the actual conditions under which fruit is 
shipped, and in an emergency may be the only way a 
new treatment can be evaluated. There are certain 
inadequacies, however, that should be considered in 
such a method of evaluation. For example, the in- 
cidence of decay in California shipments is highly 
variable with some shipments having little or no decay, 
thus increasing the number of tests necessary to ob- 
tain reliable data. This is both expensive and time- 
consuming. Uncontrolled variations in fruit handling, 
in packing-house sanitation, in the vitality of various 
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lots of fruit, in the characteristics of different refrig- 
erator cars, in methods of fruit cooling, eté.. make 
valid comparisons of treatments difficult to obtain. 
This was shown in the significant house differences 
(Experiment 6, Table 1. and Fig. 1), treatment by 
house interactions (Fig. 2), and the degree of varia- 
bility in shipments within houses or between houses 
(Table 1). Future test shipments should consider the 
placing of these variables under control wherever 
possible if more reliable data with fewer shipments 
are to be expected.—Department of Plant Pathology 
and Biometrical Laboratory, University of California 


Citrus Experiment Station, Riverside. 
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SUMMARY 


A enil infestation method was designed for studying 
conidespores of Helminthosporium sativum Pam., 
King, & Bakke in soil. By this method, the conidio- 
spores are deposited directly in soil in a manner 
whereby they can be quickly found and easily re 
moved from the infested soil even after 8 months’ in- 
cubation. Results from studies with this soil infesta- 
tion method showed that less than 1°) of the conidio- 
spores of H. sativum germinated in natural soil at 25 
and 3°C. In sterilized soil. however, 10° and 24° of 
the spores germinated at 25° and 3°C, respectively. 
Maximum spore germination occurred in 2 days in 
sterilized soil maintained at 25°C. whereas maximum 
germination at 3°C required 8 days. Chinn’s glass- 
slide technique yielded results similar to those ob- 
tained with the soil infestation method in natural soil. 
However, in sterilized soil, using the same technique, 
more than three times as many spores germinated at 
25° and 3°C. The results from studies on spore vermi- 
nation suggest that the soil infestation method is more 
sensitive to the soil fungistatic factor, which is pur- 
ported to inhibit spore germination, than Chinn’s 


glass-slide technique. 





Introduction. Symptoms of root rot of wheat in- 
cited by Helminthosporium sativum Pam.. King & 
Bakke on winter wheat grown in western Nebraska 


during the past 4 years were first detected seasonally 
in late November and early December. Dark brown 
lesions were present in varying degrees on all parts of 
the roots and on the subcrown internode of the early- 
and late-planted wheat; disease incidence was usually 
highest in early plantings. Soil temperatures at the 
time of incipient symptom development were frequent- 
ly near freezing for protracted periods. These findings 
were unexpected, for it has generally been assumed 
that the symptoms of this malady on winter wheat are 
manifested in early fall and in the spring and summer, 
when soil temperature and other extrinsic environmen- 
tal factors are apt to favor infection. It is apparent 
from the results of the field surveys that considerably 
more information is needed on the epidemiology and 
ecology of H. sativum before better methods of control 
ean he developed. 

Previous research on root diseases of cereals incited 
by H. sativum indicated that the pathogen persists in 
soil as conidiospores (6, 8). It follows that the first 
sequence of events leading to penetration and subse- 
quent infection of the roots of susceptible hosts is con- 
cerned with germination of the conidiospores. Much 
work has been done to delineate factors affecting spore 
germination of H. sativum in soil, but many phases of 
the problem need to be resolved. 

The principal difheulty with studies of fungus spores 
in soil is the lack of adequate methods and techniques. 
The ingenious glass-slide technique recently devised 
by Chinn (1) for studying spore germination in soil 
has been instrumental in advancing our knowledge in 
this refractory area of soil microbiology. There are, 
however, several inadequacies in Chinn’s method for 
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studying fungus spores in soil. The use of glass slides 
coated with films of water agar for the deposition ot 
spores may provide an environment vastly different 
from that in soil per se. Also, the glass slides tend to 
separate from sandy loam soils maintained at low soil 
moisture. The resulting space between the glass slides 
and soil could drastically alter the concentration of the 
fungistatic materials as well as upset aeration and 
humidity in the immediate vicinity of the spores. This 
paper describes a new method for studying H. sativum 
in soil without employing foreign materials for the 
deposition ot spores. 

Materials and methods.—-Composite samples of a 
fine sandy loam soil from the top 4-in. layer were col- 
lected from a commercial wheat field in western Ne- 
braska in August, 1958. All samples of soil were thor- 
oughly mixed and subsequently sieved through a 0.5- 
mm screen. The processed soil was then transferred 
to galvanized 50-gal. cans and stored at 15°C. 

To assure uniform distribution of water in soil and 
to prevent excessive packing of soil in pots, the follow. 


ing procedure was adopted. New 5-in. pots were filled 
with 930 g of soil, which was then slowly wetted to 
field capacity. For the sterilized soil treatment, the 
potted soil was autoclaved at 15 lb pressure for 1.5 
hr on each of two consecutive days. In the unsterilized 
soil treatment, the pots were incubated for about 24 
hr at 25°C before proceeding further. Next, in both 
treatments, the soil was removed from each pot, mixed 
separately, and then returned to the same pot. Care 
was taken to minimize contamination of the sterilized 
soil treatment. Each pot was filled with the re-worked 
soil to a level 24, in. from the top. The surface of the 
soil in each pot was made smooth by gently tapping it 
with a Petri plate cover (Fig. 1-A). Care was taken to 
avoid excessive packing of the soil in this operation. 
The smooth surface of soil was then infested with 
conidiospores of H. sativum. The pathogenic isolate 
used in this study was derived from a single spore 
originally obtained from diseased roots of winter 
wheat. This isolate was strongly pathogenic in caus- 
ing root rot of wheat grown in sterilized and un- 





Fig. 1.—A) Top view of soil column with smoothed surface ready to be infested with conidiospores of H. sativum. 
B) Ring-shaped membrane used as marker to locate soil plane infested with spores. C) Block of water agar used to make 


spore print from infested soil. 
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Table 1.—-Effect of soil treatment on conidiospore germination of Helminthosporium sativum as determined by the soil 


infestation method and Chinn’s glass-slide technique. 


Treatment | 2 
Soil infestation method 
l. Natural soil 254 0 0 
2. Natural soil > ( ] 0.5 
3. Sterilized soil 25° 8 10 
4. Sterilized soil > 0 1 
Chinn’s glass slide 
5. Natural soil 25° 0 0 
6. Natural soil ow 0 0 
7. Sterilized soil aa 51.5 593 
8. Sterilized soil > l 17 


‘Per cent germination is based on 2000 spores from two 
slides from two pots for Chinn's glass-slide technique. 


sterilized soil in the greenhouse. The medium fot 
maintaining the pathogen and for increasing inoculum 
was prepared by adding 25 ml of tap water to each 
250-ml Erlenmeyer flask containing 10 g of washed 
roots excised from 3-week-old Cheyenne wheat grown 
in the greenhouse. This root-medium was sterilized for 
25 min at 15 lb pressure and then infested with a 10- 
day-old culture of the pathogen maintained on this 
medium. After the cultures were incubated for 30 
days, the excess water in each flask was discarded and 


The flask 


was then vigorously shaken and the water suspension 


replaced with about 150 ml of tap water 


of conidiospores was strained through a double layer 
of cheesecloth. The conidiospores from one flask were 
sprayed on the smooth soil surfaces of 16 pots with a 
DeVilbiss atomizer attached to an air line regulated to 
8 lb pressure. It was estimated that about 60,000 
conidiospores were deposited on the soil surface of 
each pot. Viability of the inoculum was determined by 
spraying 10 aliquots from the water suspension of 
conidiospores into Petri plates containing potato-dex 


trose agar (PDA, 1% dextrose. pH 6.5) and incubat 


ing at 25 C for 6 hi The surface of the PDA was 
then sprayed with lacto phe nol cotton blue to fac ilitate 


observation of germ tubes. The percentage of spore 
germination was based on 1000 spores, representing a 
random examination of 200 spores in each of 5 Petri 
plates. It was interesting to note that the viability of 
the conidiospores from 30-day-old cultures grown on 
the root-medium was never less than 94° in any of 
the tests in this study. On the other hand, the viability 
of spores from 30-day-old cultures on PDA and on 
sterilized seed of wheat supplemented with water was 
about 80° and 60°. respectively. It was also noted 
that the pathogen produced fewer sectors on the root 
medium than on PDA. Results from preliminary 
studies indicate that this particular isolate of H 
sativum was most pathogenic to wheat when the inocu- 
lum was obtained from root-medium rather than from 
PDA or sterilized wheat. 

Immediately after the smooth surface of soil was in 
ring-shaped membrane of 


fested with conidiospores 
Polvflex 230 with a thie kne ss of U 13 mm was pl iced 


on top of the soil. This membrane was 4 in. in diame 


% germination“ at various incubation intervals (days) 


3 5 6 8 10 12 
0 l 0 0 l <l 
0 <] “a l ] <a 
10 h } 5 25 2 
15 18 21 24 17 1( 
0 0 0 0 <1 0 
0 “s 0 <1 0 0 
55 58 

17 69 


pots for the soil infestation method, and on 1800 spores on 6 


ter, with a 0.5-in.-wide rim and an opening 3.0 in. in 
diameter (Fig. 1-B). The membrane had been washed 
in water to which detergent had been added. This 
solution containing the membrane was then heated 
for 2 hr to 75°C to remove toxie materials. Other ma- 
terials such as cellulose nitrate and cellulose acetate 
may be substituted for Polyflex 230. Results from 
preliminary experiments indicated that none of these 
materials inhibit germination of conidiospores of H. 
sativum, The infested surface layer of soil and the 
ring-shaped membrane were covered with the re- 
mainder of the soil from each pot. The top layer of 
soil over the ring-membrane was about 1.5 in. deep 
and extended to about *4 in. from the top of the pot. 
This narrow, circular band of Polyflex separated only 
the peripheral area of the two layers of soil. The 
major portion of the surface layer of soil infested with 
spores, therefore. was in immediate contact with soil 
of the upper layer. The membrane was employed 
merely to facilitate location and separation of the soil- 
plane infested with conidiospores. 

Half of the pots containing the infested unsterilized 
soil or the sterilized soil were incubated at 3°C, and 
the remainder at 25°C. Soil moisture was regulated to 
about 50°, of its moisture-holding capacity under 1% 
itmosphere tension. 

\t various intervals (Table 1) for 12 days, 2 pots 
from each of the 4 treatments were sacrificed in mak- 
ing determinations of spore germination and viability. 

The removal of an intact column of soil from pots 
is a requisite for locating the layer of soil infested with 
conidiospores. Because excellent tilth of the soil 
caused it to fragment very easily during removal from 
the pot, the soil column in the pot was first com- 
pressed. To do this, a metal plate about 4 in. in diame- 
ter was placed on top of the soil in each pot and firmly 
pressed down until the soil did not yield to pressure. 
Watering the soil to field capacity 2 days prior to the 
above operation was extremely helpful in maintaining 
the soil column intact. 

The soil was removed from the pot by placing a 
Petri plate cover on the surface of the soil and then in- 
verting the pot and gently tapping the rim until the 
soil column was free and resting on the Petri plate 
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cover. With a spatula, about 2 in. of soil was trimmed 


from the end of the soil column that was at the bottom 
of the pot. A second Petri plate cover was placed on 
the trimmed end of the soil column. The column of 
soil was then turned upright while the soil was held in 
place by gently pressing the glass covers against the 
ends of the soil column. The smooth plane of soil 
originally infested with conidiospores was readily lo- 
cated and exposed by carefully removing the top layer 
of soil from the buried disk membrane of Polyflex. 
With a little practice, the infested layer of soil can be 
uncovered by this procedure. Even 8 months after the 
conidiospores were embedded in the soil it was possi- 
ble to separate the soil column at the plane originally 
infested with this pathogen. Studies new in progress 
indicate that it may be possible to locate the spores ot 
H. sativum a year after the soil is infested. 

Removal of the conidiospores from the soil for 
microscopic examination was accomplished without 
materially disturbing their relative position. Slabs of 
15° water agar were used to determine the percent- 
age of spore germination in soil. The slabs of wate 
agar, 24, 1 in., were cut from Petri plates contain- 
ing 20 ml of the medium. A spore print was made by 
placing the strip of water agar on the infested soil 
and gently pressing it against the soil with the fingers 
(Fig. 1-C). Along with small soil particles, as many 
as 1500 spores adhered to the block of water agar. 
Microscopic examination of the spores was not serious- 
ly hampered by the soil particles. The slab of water 
agar was transferred to a standard-size microscope 
glass slide, stained with lacto-phenol cotton blue ap- 
plied with an atomizer, and immediately examined for 
spore germination. Two spore prints were prepared 
from each of two pots for each treatment. A random 
sample of 500 spores was examined on each block of 
water agar. making a total of 1000 spores for each pot. 

The above procedure was also employed with slabs 
of PDA to determine the viability of the ungerminated 
spores. Spore prints on this medium were incubated 
for about 6 hr at 25°C before staining. 

The above method for studying conidiospore germi- 
nation in soil was compared to Chinn’s glass-slide 
technique (1), which was modified as follows. The 
procedure described previously for preparing soil for 
potting was also used for the glass-slide technique. 
Unlike Chinn’s technique for infesting the glass slides. 
however. the « onidiospores were deposited by means of 
a DeVilbiss atomizer on glass slides coated with 1% 
water agar. pH 6.5. Each slide contained about 1000 
spores. Viability of the ungerminated spores was de- 
termined by placing the surface of spore-infested slides 
on PDA (pH 6.5) in Petri plates and incubating for 
5 hr at 25°C. One slide from each pot was used to 
make viability determination. The remaining 3 slides 
in each pot were examined for spore germination that 
had occurred in soil. Studies with Chinn’s glass-slide 
technique were run parallel to studies with the soil 
infestation method. Each experiment reported herein 
was repeated three times, with concordant results. 

Experimental results.—Studies with natural soil. 


Results from studies employing the soil infestation 
method and Chinn’s glass-slide technique in studying 
H. sativum in natural soil are presented in Table 1. 
Germination of conidiospores as determined by the 
two methods was negligible in natural soil incubated 
at 25° and 3°C for 12 days. In part, these results are 
in accord with those reported by Chinn (1) for the 
spores of H. sativum incubated for 14 days in natural 
soil at “room temperature.” The presence of some un- 
known material that inhibits spore germination, and 
referred to in the literature as soil fungistasis, may be 
responsible for the low percentage of spore germina- 
tion in natural soil (2, 3, 4, 5, 7, 9). It has also been 
shown that nutrition may negate the fungistatic effect 
in stimulating spore germination of H. sativum in un- 
sterilized soil (1, 3, 9). It is apparent, however, that 
both methods used to study spore germination are 
very sensitive to fungistatic and other soil factors that 
restrict spore germination in natural soil held at 25 
and 3°C. 

Although natural soil was not conducive to germina- 
tion of conidiospores of H. sativum, it did not sub- 
stantially reduce the viability of the spores in this 
study. At the start of the experiment, about 96°% of 
the spores were viable. About 949% of the ungermi- 
nated conidiospores were still viable in natural soil 
kept for 19 days at 25° or 3°C. Results from subse- 
quent studies, not reported here, indicate that over 
80° of the spores were viable in natural soil main- 
tained at 25° or 3°C for over 8 months. Very little 
difference was noted in viability of the spores in this 
study employing the soil infestation method or Chinn's 
glass-slide technique. Microscopic examination of 
conidiospores from supernumerary pots every 7 days 
did not reveal the presence of new spores of H. 
sativum during the incubation periods of 19 days or 8 
months. These results lead to the conclusion that re- 
tention of viability by a high percentage of the spores 
during the short and long incubation periods in natural 
soil cannot be ascribed to the production of new crops 
of spores under the conditions of this investigation. 


Studies with sterilized soil——The soil infestation 
method yielded strikingly different results from Chinn’s 
glass-slide technique in studies on the effect of soil 
sterilization and soil temperature on spore germination 
of H. sativum. The highest percentage of conidiospore 
vermination. in either method, occurred in_ sterilized 
soil kept at 3°C (Table 1). 

Chinn’s glass-slide technique gave the higher per- 
centage of spore germination in sterilized soil kept at 
3°C. About 69% of the conidiospores of H. sativum 
had germinated on glass slides kept in soil for 5 days. 
Moreover, spore germination was uniformly distributed 
on the glass slides. Further observations on spore 
germination were not continued after 5 days’ incuba- 
tion, since extensive mycelial growth on the slides ob- 
scured many of the spores. At least 17% of the 
conidiospores had germinated on glass slides held in 
soil for 2 days. The length of the germ tubes varied 
from 20 to 90 », averaging about 60 yp. Nearly three 


times as many spores germinated in 3 days than in 2 
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days on glass slides buried in sterilized soil. The aver- 
age length of the germ tubes of spores in soil for 3 
days was about 200 y». Lysis of a relatively few germ 
tubes and mycelia was discerned on glass slides in 
soil for 5 days. Over 93 of the ungerminated spores 
retained their viability on slides kept in soil 1-5 days 

Results from the glass-slide technique on spore 
germination in sterilized soil maintained at 3°C are 
also presented in Table 1. About 58°. of the conidio- 
spores germinated on glass slides kept at 25°C for 5 
days as compared to 69° germination in a compara- 
bie test made at 3°C. In contrast to the small num- 
ber of spores that germinated in 1 day at 3°C (1%). 
nearly 5 
this time at 25°C. During the subsequent 4-day incu- 


2% of the conidiospores germinated during 


bation period, however, only 58° of the conidiospores 
germinated at 25°C. On the other hand, 69°) of the 
spores germinated during this 4-day incubation in soil 
kept at 3°C. Over 93° of the ungerminated spores 
remained viable during the course of this experiment 
3°. 

With the soil infestation method, maximum spore 
germination occurred in about 8 days in sterilized soil 
kept at 3°C (Table 1) At this time, 24° of the 
spores produced germ tubes ranging from 20 to over 
900 » long, averaging about 700 py. Germination of 
conidiospores began after 1 day incubation in soil, but 
only 4% of the spores had germinated in 2 days. The 
highest increase in spore germination in a 24-hour 
period of incubation occurred between the 2nd and 
3rd days. During this time, spore germination quad- 
rupled. 

Further, the average length of the germ tubes was 
about 30 and 150 ,», respectively. Spore germination 
after 3 days of incubation increased slowly until the 
8th day, when maximum germination was attained. 
Apparently, few spores germinated between the 8th 
and the 12th days of the incubation period. Plasmoly- 
sis of many germ tubes and mycelia was evident dur- 
ing this time. Failure of the plasmolyzed germ tubes 
to stain accounts for the fewer germinated spores de- 
tected after 8 days of incubation. Again, over 94°¢ of 
the ungerminated spores retained their viability during 
the course of the experiment 

Germination of conidiospores of H. sativum in 
sterilized soil incubated at 25°C was relatively low in 
studies employing the soil infestation method (Table 
1). Maximum germination of spores, 10°7. was estab 
lished within 2 days’ incubation. The average length 


of the germ tubes during this period was 400, com- 
pared to about 50, at 3°¢ Although the germination 
count did not increase during the subsequent 24 hours, 


the germ tubes attained an average length of about 
6004. Lysis of the germ tubes after an incubation 


period of 3 davs accounts for the lower counts of 


germinated spores during the latter part of the experi- 


ment. Viability was retained by over 93 of the un- 
germinated spores during this study 

Discussion. \ new me thod was de vised for intesting 
soil with conidiospores oft He minthosporium sativum 


without employing foreign materials on which to de 
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posit spores. Thus the immediate vicinity of the soil 
infested with spores does not come in contact with ma- 
terials. such as glass slides, which could upset the 
natural environment of the soil. With this new method. 
the spores can be easily located and readily recovered 
from soil even after 8 months. Furthermore, a large 
number of spores can be removed from the same rela- 
tive position they occupied in the soil. 

Several investigators have shown that the soil fungi- 
static factor(s) may be negated by sterilizing the soil 
with steam (1, 2). It is not known, however, whether 
the accompanying stimulation in spore germination 
following soil sterilization is due to the elimination or 
reduction of the fungistatic material and/or to the in- 
crease of nutritive materials or to some other factors, 
In this study, the highest percentage of spore germina- 
tion (69°) was obtained with Chinn’s § glass-slide 
technique in sterilized soil at 3°C for 5 days. The 
same technique used in soil kept at 25°C yielded 10% 
fewer germinated spores than at 3°C. The higher 
number of germinated spores at 3°C may be related 
to the relatively slower rate by which microorganisms 
colonize sterilized soil maintained at near-freezing tem- 
perature. Consequently, a longer time would be re- 
quired to accumulate a sufficient amount of the fungi- 
static substance to inhibit spore germination at 3°C 
than in soil at 25°C, 

The above hypothesis is also applicable in explain- 
ing differences in the number of conidiospores germi- 
nating at high and low soil temperatures with the 
soil infestation method. Table 1 shows that twice as 
many spores germinated at 3°C as at 25°C. It is 
noteworthy that spore germination was maximum in 
2 days in soil at 25°C, and in 8 days at 3°C. 

It is difheult to explain why the soil infestation 
method yielded a substantially lower percentage of 
spore germination than Chinn’s glass-slide technique 
at 25° and 3°C (Table 1). The soil infestation meth- 
od is perhaps considerably more sensitive than Chinn’s 
glass-slide technique to low concentrations of fungi- 
static substances in soil. The greater sensitivity of the 
former method might be due to the fact that the spores 
are in closer proximity to the soil than they are on 
glass slides buried in soil. Differences in spore germi- 
nation in the two methods cannot be ascribed to the 
different amounts of inoculum used. In subsequent 
studies, not reported here, the difference in percentage 
of spore germination was just as great when an equal 
number of conidiospores was used in the 2 methods as 
when the inoculum in the soil infestation method was 
60 times as great as that used in Chinn’s glass-slide 
technique. 

Germination of conidiospores of H. sativum in steri- 
lized soil at 3°C provides some clues in explaining 
why symptoms of root rot of winter wheat grown in 
western Nebraska develop in late November and early 
December. It is reasonable to assume that the marked 
decline of the metabolic activities of microorganisms in 
natural soil at temperatures near freezing may result 
in a low concentration of the fungistatic materials. 
Such a concentration of the fungistatie factor. coupled 
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with the availability of nutritive materials in the 
rhizosphere of wheat, provides an environment that is 
conducive to spore germination. Further development 
of the germ tubes in the rhizosphere may culminate in 
infection and subsequent development of symptoms on 
roots of wheat in soil at temperatures near freezing. 
Department of Plant Pathology, Nebraska Agricultural 
Experiment Station, Lincoln. 
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EVIDENCE OF FUNGISTATIC ACTION OF 
PETROLEUM OIL AGAINST MYCOSPHAERELLA 
MUSICOLA INSIDE BANANA LEAVES 


L. Calpouzos, Alma Santiago, T. Theis, and C. Colberg 


Plant Pathologist, Biological Aid, Assistant Officer in 
Charge, and Agronomist, respectively. 
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The action of oil mist sprays in control of the 
Sigatoka leafspot disease of bananas is being studied. 
\ previous report (2) stated that oil did not inhibit 
the pathogen, Vycosphaerella must ola Leach. either 
in vitro or on the leaf surface, and suggested that oil 
exerted its antifungal effect after the fungus pene- 
trated the leaf. It was not known, however, whether 
the oil was acting as a fungicide or a fungistat. The 
present study was conducted to determine: 1) whether 
oil could control the disease when applied after the 
fungus penetrated the leaf. and 2) whether the fungus 
was dead or alive inside an voil-sprayed leaf. 

The experimental procedure was to inoculate four 
l-in.-sq areas on the lower leaf surface of the youngest 
unfurled leaf on 3 Dwarf Cavendish banana plants. A 
pathogenic strain of M. musicola was used that sporu- 
lates in culture and is easily distinguished from wild- 
type material because of morphological differences in 
colonial growth. The conidial suspension was applied 
with a camel’s-hair brush. One week after inoculation, 
fungal penetration into the leaf was determined. One 
inoculated area was removed from each leaf, stained, 
and examined microscopically; 35-60°7 of the spores 
had growth that penetrated through the stomata. 

After penetration was known to have occurred, one 
inoculated area and adjacent tissue on each leaf was 
sprayed with oil (Oil +LO-2144, viscosity 88.5 S.U.S. 
at 100°F, sp. gr. 0.85, unsulfonated residue 100°; ob- 
tained from Esso Research and Engineering Co.. 
Linden, N. J.) by a precision technique described 
previously (1). The oil sprays were applied at the 
third, fifth. and seventh week after inoculation. The 


oil was deposited at the rate of 2.8 mg/100 sq. cm of 
leaf area, which is typical of the deposit resulting 
from a spray rate of 2 gal./A. (1). This spray pro- 
cedure approximated commercial conditions where 1-3 


gal./A. are misted on the plants at 2—4-week intervals. 


Sigatoka spots were present on the remaining 2 
inoculated unsprayed areas of each leaf 7 weeks after 
inoculation. Conidia from the diseased areas were 
isolated on agar, and colonies formed that were simi- 
lar morphologically to those of the strain used for 
inoculum. The sprayed inoculated areas remained 
disease-free throughout the experiment. 

Ten weeks after inoculation (7 weeks after the first 
spray), the sprayed inoculated area was detached 
from each of the 3 leaves and was surface-sterilized by 
agitating for 2 minutes in an aqueous solution contain- 
ing 1% HgCl, and 0.25% Triton X-114. (Wetting 
agent added to insure thorough wetting, of the waxy 
leaf surface. Product of Rohm & Haas “o., Philadel- 
phia 5. Pa.) Preliminary tests showed that this treat- 
ment will kill conidia and germ tubes of M. musicola 
on the banana leaf surface. The leaf piece was then 
rinsed briefly in sterile water. homogenized for | 
minute in a Waring blender containing 100 ml sterile 
water, and 0.5-ml portions of the resulting suspension 
were plated on water agar. A series of 5 plates was 
prepared for each replicate leaf piece. 

After 5 days at room temperature, each series of 
water-agar plates contained minute mycelial colonies, 
36 of which were transferred to nutrient agar. All 
isolates developed into colonies that were morphologic- 
ally similar to those of the strain used for inoculum, 
Spores from these colonies were used to inoculate 
banana leaves, and within 7 weeks typical Sigatoka 
disease symptoms appeared. This entire test was re- 
peated. with similar results. 

The following conclusions can be drawn from these 
trials: 1) The oil controlled the disease after the 
pathogen had already entered the leaf. 2) After ? 
weeks inside an oil-treated leaf, at least some of the 


fungus was still alive and inherently pathogenic. 
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Oils vary greatly in their chemical and_ physical 
properties. It is possible that some oils might kill 
M. musicola; however. the present study suggests that 
the oil used controlled Sigatoka by a fungistatic 
action._-Federal Experiment Station, Agricultural Re 
search Service, | S. Department of Agriculture. 


Mavaguez, Puerto Rico 
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CONTROL OF THE MINT RUST FUNGUS 
PUCCINIA MENTHAE. BY NICKEL SALTS 


G. L. Farkas. G. Molnar. and Z. Kiraly 


Respectively, Research Institute for Plant Protection 
Research Institute for Medicinal Plants, and Research In 
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When mint rust appears in epidemic form, both the 
leaf and oil yields are dramatically reduced Re- 
sistance breeding has not produced commercially avail- 
able resistant varieties, and no satisfactory control 
measures have been developed for the chemical pro 
tective or eradicative control of the disease. Recent 
successes with nickel salts against cereal and sun- 
flower rusts (1, 3) warranted this study of the effect of 
NiCl, and Ni(NO.). on the development of mint rust. 

NiCl, and Ni(NO.). solutions (0.1, 0.2 
were sprayed on Mentha piperita plots (180 m= each) 
at the rate of 1 L./10 m- 


between the first and second mowings (early Septem- 


. and 0 5o, ) 
\ single spray was applied 


ber), when the rust started to appear. The protective 
effect of nickel salts is indicated in Table 1. The data 
presented are based on the examination of 200-300 
leaves detached at random in each plot 3 weeks after 
spraying. As may be seen. Ni(NOg)o proved to be 
somewhat more effective than the other chemical. 


Table 1.—Fungicidal activity of nickel salts against 
mint rust. 


currence otf various 


niection ¢ lasse < 


concel 
Chemical tration 4 | 
Nit NO.) 0.1 55.5 42 13.5 7.5 1.0 0.0 
0.2 1.0 64.0 ».0 0.0 0.0 0.0 
03 i) 3.0 15 0.0 oO O.0 
NiCl, 0.1 ) f 36.0 17.0 2.0 1.0 
02 7.0 6.0 230 ,5 05 0.0 
0.3 12.0 1.0 6.5 O.5 0.0 0.0 
Control ioe * 2 16.5 12.5 w.0 12. 
‘infection classes. 0 no intection, | » pustules per 
leaf, 2 \ of the leaf surface covered with pustules, ) 
ly of the leaf surface | ‘ { the leaf surface. 5 the 


whole leaf surface covered with pustules 
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Table 2.--Eflect of control of mint rust by nickel salts 
on the oil vield. 


Concentration Oil * Oil 

Treatment (%) (ml) N 
Ni( NOs) 0.1 19 0.29 
0.2 25 0.15 

0.3 4 0).2] 

Ni€] 0.1 0 0.18 
0.2 17 0.28 

0.3 19 0.1] 

None 8 0.11 


In 15 kg leaves. 


The oil content of the samples has also been assayed 
by steam distillation, 15 kg of leaves being used for 
each determination. The data (Table 2) indicate a 
pronounced increase in oil content in all treated sam- 
ples over the control. 

Determination of the menthol content of the oil by 
a colorimetric procedure (2) gave on the average the 
following values: control, 62.56 °:  NiCl.-treated, 
63.5%: Nit NOs).o-treated. 54.557. Apparently the 
menthol content is reduced in the Ni( NO.).-treated 
leaves. 

The nickel residue in the leaves-treated with the 
highest concentrations of nickel salts has also been 
assayed, using a colorimetric method based on the 
color formation of Ni in the presence of dimethyl- 
glyoxim. Respective findings were 5.7 mg and 5.4 
mg“ (fresh weight) in the Nit NO,).- and NiCl.- 
treated samples. The oil is free of nickel contamina- 
tions. 

On the basis of the above results. nickel salts may 
he regarded as a valuable tool for the control of mint 
rust when mint is grown for oil production.— Research 
Institute for Plant Protection, Budapest. and Research 
Institute for Medicinal Plants, Budapest. Hungary. 
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HETERODERA TRIFOLIL A FOLIAGE 
PATHOGEN OF WHITE CLOVER 
J. P. Ross 


Plant Pathologist, Crops Research Division, ARS, U. S. 
1). A.. and North Carolina Agricultural Experiment Station. 





The genus Heterodera has long been recognized as 
being composed of nematodes parasitic on the roots 
and underground stems of vascular plants. Little at- 
tention appears to have been given to the possibility 
that these nematodes attack and reproduce in above- 


ground plant parts. 
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Fig. 1.—-Lower (a) and upper (b) surfaces of white clover leaf showing developing white females and brown cysts of 
Heterodera trifolii (X5). 


Gerdemann and Linford (2) mentioned that larvae 
of Heterodera trifolii Goffart, 1932, are capable of 
entering clover leaves covered with moist soil. They 
did not mention the fate of these nematodes. 

In a recent greenhouse experiment with the cyst nema- 
tode of clover. H. trifolii, immature and mature fe- 
males and brown cysts were observed on both surtaces 
of white clover leaves. A small leaf near the crown of 
the plant was heavily infected (Fig. 1). and leaves 
about 2 in. above the stolon also contained a few de- 
veloping females. The plant was washed free of soil 
and kept moist for several days without soil in contact 
with it. When the leaves were stained with acid- 
fuchsin—lactophenol, larvae in various stages of de- 
velopment were visible within the leaf tissue. Many 
second-stage larvae were observed to invade the small 
heavily infected leaf: some had only their anterio1 
ends in leaf tissue, whereas others appeared to be 
wholly within the leaf. These larvae had probably 
emerged from the brown cysts mentioned earlier since 
there was no other source of larvae. These observa- 
tions indicate that larvae of H. trifolii are capable of 
invading leaves in the absence of soil. 

Peculiar craters were observed in the leaf surface. 
presumably where cysts had fallen off. A small area 
of slightly swollen translucent leaf tissue near the 
anterior end of each female indicated that in leaves. 
as in roots, giant cells and hypertropy are induced by 
the feeding of the nematode. 

The creeping growth habit of white clover permits 
leaves to originate near the soil, and in many instances 
the foliage remains moist for long periods. Both of 
these conditions would favor foliage infection in the 
held 

The clover cyst nematode is known to be widespread 
in Europe, Great Britain, and North America (1). 
Although Raski and Hart (3) said that new infesta- 


tions of the clover cyst nematode in California ap- 
peared not to have originated from cysts mixed with 
clover seed, it is possible that cysts on leaves could be 
dislodged during the seed harvest and find their way 
into seed lots. The cysts are slightly smaller than the 
seed (0.5-0.6 mm vs. about 1 mm), but it is con- 
ceivable that enough cysts to establish new infestations 
could remain in seed harvested from infected plants. 
Gerdemann and Linford (2) reported that the brown 
cysts of H. trifolii are drought-tolerant and that larvae 
emerged from cysts after being stored 11 months in 
dry soil. The observation reported here may be rele- 
vant to dissemination of this nematode.-Department 
of Plant Pathology, North Carolina State College, 
Raleigh. 
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CONIDIAL PRODUCTION FROM FILTER PAPER 
CULTURES OF HELMINTHOSPORIUM VAGANS 
AND ALTERNARIA SOLANI 


R. J. Lukens 


Conidia of uniform size and age for inoculum are 
dificult to obtain from Helminthosporium vagans and 
{/ternaria solani. This note describes a simple method. 
The fungi are grown aseptically on a shaker in a 
liquid nutrient (1) for several days and then har- 
vested. From this point on, aseptic techniques are 
net used. The mycelial pellets are fragmented with a 
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Waring blender for 2 


The hyphal fragments 
0.02M 
and distributed in 2-ml 
No nutrient is added, 


ot H. pazans so prepared produce overnight 


minutes 


are centrifuged, resuspended in phosphate 
buffer (pH 6.4), 
dry filter pape 
Culture 
at room temperature 1 conidium per conidiophore and, 
in 3 days, Light 
little influence on sporulation of H. vagans. In 24 


portions on 


in Petri dishes 


3 5 conidia per conidiophore. has 
hours under fluorescent light, 4. solani produces conid- 
iophores on filter paper When 
held 24 hours in either darkness or daylight, 50-75 


these 
of the conidiophores produce a conidium. Cultures of 
A. solani in continuous light produce no conidia, even 
after 7 days. Witsch and Wagner (2) reported similar 
light effects for 

Washing of mycelium 


{. brassicae var. dauci. 


necessary for conidial 


Hyphal 


being ground and adjusted to pH 6 produce no conidia, 


was 


production by H. vagans. suspensions alte! 


whereas the same suspensions with supernatant re- 


moved and resuspended in phosphate buffer produced 


conidia in abundance Washing mvcelium has a less 


pronounced effect with { solani 
This 


pathogenicity. 


affec t 
vagans produced 


Poa 


solani, similarly produced 


producing does not 


conidia of H 


pathogenic to 


method of 
Thus, 
filter 
pratensis, and conidia of A. 


Spore ~ 


in 3 days on paper wer 


solani. 
The 
New 


in 3 days, were pathogenic to Lycopersicon 
Department of Plant Pathology 


Agricultural 


Botany 


Station, 


and 


Connecticut Experiment 


Haven. 
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STERILIZATION OF AGAR 
PROPYLENI 


W. L. Klarman and 


MEDIA WITH 


OXIDI 
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Propylene oxide has been used as a sterilizing agent 
in food preservation (4). in seed treatment (1, 3), and 


in the preparation of plant tissue for culture media 
(2). The following report concerns the use of propy- 
media. 


(PDA) 


Was ¢ ooled 


lene oxide in the sterilization of agar 
Difco dehydrated potato-dextrose agal was 


used in all experiments. The melted agar 
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cultures are 
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HOLOCY 


to 45°C. 
unidentified bacteria 
Epicoccum sp., Fusarium sp., and Trichoderma sp. was 
mixed with the medium. The medium was then poured 
into washed unsterilized Petri plates. The sterilization 
chamber was a 10-L bell jar placed on a flat glass 
surface. To form an air-tight seal the bottom of the 
bell jar was coated with petroleum jelly. The lids 
15 plates of 


To ensure contamination, a suspension of 


and spores of Aspergillus sp., 


were placed on the Petri plates, and 
media were placed in the chamber along with an open 
Petri plate containing 10 ml of propylene oxide. 
The Petri plates were kept in the bell jar at room 
temperature for 24 hours. Checks consisted of Petri 
plates of PDA under a bell jar propylene 
The 
colonies 6 days after removal from the bell 
No growth developed on any of the plates from the 
All of the check plates 


without 


oxide. plates were examined for macroscopic 


jars. 


propylene oxide treatment. 
were badly contaminated. 
To determine how soon media could be used after 
sterilization, plates that had been sterilized with propy- 
lene oxide were inoculated with Diplodia zeae (Schw.) 
Lev., Sclerotium cepivorum Berk., and Pythium debary- 
anum Hesse 24 hours after removal from the bell jar. 
Similar transfers were made to plates containing heat- 
sterilized PDA. 
P. debaryanum and S. cepivorum in plates sterilized 


Five days after inoculation, growth of 


with propylene oxide was equal to growth in plates 
sterilized Growth of D. medium 
sterilized with propylene oxide was slightly inhibited. 

The that 
used in sterilizing agar media. The method would be 
out- 


with heat. zeae on 


results propylene oxide can be 


suggest 
useful in high-school biology laboratories or at 
lying experiment stations where ovens and autoclaves 
are not available. Even where this equipment is avail- 
able, the Proplyene oxide 


method has advantages. 


probably changes many organic compounds less than 
It would greatly reduce the heat released 


does heat. 
in a laboratory. The lids of Petri plates do not have 
to be 
of contamination. 


removed until inoculation, reducing the chance 
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